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Lactic  acid  bacteria  are  Che  primary  contributora  Co  a 
variety  of  fermentations  and  may  be  problematic  spoilage 
organisms.  However,  the  development  of  rapid  methods  for 
Che  identification  and  characteriration  of  lactic  acid 
bacteria  has  not  kept  pace  with  advancements  of  more 
clinically  significant  organisms.  In  addition,  the 
challenge  of  effectively  monitoring  mixed 


Three  methods  to  characterise  and  identify  lactic  acid 
bacteria  were  examined  and  evaluated  for  their  suitability 
for  directly  monitoring  cultures  within  a feed  fermentation. 
The  three  methods  were  the  Biolog  biochemical  test  kit, 
which  reflects  an  organism's  phenotypic  response  to 
environmental  axibstratesi  Che  Microbial  Identification 
System  of  fatty  acid  profiling  which  measures  Che  organism’s 
phenotypic  structure;  and  the  Oualicom  Riboprinter’"'  method 
of  ribotyping,  which  characteriaea  a portion  of  the 
bacterial  genome  using  ficoRI  restriction  enayme. 

One  hundred  and  thirty-one  strains  of  tactebaeiJJus, 
Pediococcus,  Leuconostoc,  and  Lactococcus  species  were 
obtained  from  the  American  Type  Culture  Collection  (ATCC) 
and  throughout  the  food  industry,  when  the  ATCC  strains 
were  analysed,  ribotyping  performed  best  with  genus  and 
species  being  identified  correctly  82%  and  75%, 
respectively.  The  Biolog  correctly  identified  72%  and  53%, 
and  the  fatty  acid  71%  and  25%,  respectively.  For  initial 
characterisation  of  an  iaolate,  a combination  of  methods  was 
recommended  to  gain  maximum  information. 

Finally,  a method  utilizing  the  riboprinter  to  directly 
monitor  cultures  in  sausage  and  sauerkraut  fermentations  was 


dev«lop«d  that  provided  reaulta  within  9 houra  of  aaTnpling. 
Changea  in  the  inicrobial  population  were  aucceeefully 
irionitored  and  reaulta  were  not  affected  by  the  preaence  of 
mixed  culturea.  The  actual  atarter  culture  band  patterna 
could  be  etored  in  a databaee  for  coitipariaon  to  aubsequent 
fermentationa . 


LITERATURE  REVIEW  AND  INTRODUCTION  TO  THE  RESEARCH 


Introductian 

The  lactic  acid  bacteria  are  Oram  poaicive.  catalase 
negative  cocci  or  rods  Chat  do  not  produce  spores.  They  are 
generally  non-motile  and  divide  in  one  plane  only.  These 
organisms  are  obligate  carbohydrate  fermenters  with  Che  main 
product  of  this  fermentation  being  lactic  acid.  Ocher 
volatile  acids  and  carbon  dioxide  may  also  be  produced 
(20,4e,5S)  . 

The  lactic  acid  bacterial  group  ie  comprised  of  the 
genera,  Laccococcus,  Leuconoatoc,  Pediococcue, 

Lactobacillus,  as  well  as  Che  lactic  Streptococcus  species 
(101, 103, 110} . The  group  is  usually  divided  into  two 
subgroups  baaed  on  their  products  of  glucose  metabolism; 
horeofermentative  or  heterofernLsntative  (9,51),  The 
homofermencacive  species  ferment  available  sugars  to  produce 
lactic  acid  using  the  Embden-Hsyerhof  pathway  (also  known  as 


Slycolysls) . This  pathway  is  diagraraned  1q  Figure  1 and  is 
characterized  by  the  formation  of  fructose  i , ^'diphosphate 
which  is  cleaved  by  an  aldolase  into  dihydzoxyacetone 
phosphate  and  glyceraldehyde-l-phosphate . The 
glyceraldehyde-3-phosphate  is  then  converted  to  pyruvate 
which,  in  turn,  is  reduced  to  lactic  acid  by  a lactate 
dehydrogenase.  This  step  reoxidizes  the  MADH  that  is  formed 
during  earlier  steps.  A redox  balance  is  obtained  and  the 
primary  end  product  is  lactic  acid  (51) . If  pentoses  are 
utilized  rather  chan  glucose,  acetic  acid  or  lactic  acid  may 
be  produced  in  Che  case  of  hcmofennentative  organisms. 

Under  these  conditions,  they  appear  to  be 
heterofermenCaCive . Homof ermentative  organisms  produce 
twice  the  amount  of  ATP  compared  Co  the  heterofermentative 
group  because  they  possess  the  enzymes  aldolase  and  hexoae 
phosphate  isomerase  (511 . The  heterofermentative  species 
produce  a lower  quantity  of  lactic  acid  from  hexose 
fermentation  chan  homolactics,  but  produce  carbon  dioxide, 
ethanol  and  ocher  volatile  carboxylic  acids  in  addition 
19,1011.  They  may  also  produce  flavor  and  odor  components 
such  as  acetaldehyde  and  diacetyl. 

Heterofermentative  organisms  utilize  the  hexose 
monophosphate  pathway  (20, 5«).  Figure  2 illustrates  this 
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Figure  2.  Hexose  Monophosphate  Pachyway 


pathway,  since  they  lack  aldoiaae,  this  pathway  is  less 
productive,  yielding  only  one  mole  o£  ATP.  The  tirst  step 
is  a dehydrogenation  forming  €‘pbosphogluconate,  which  is 
followed  by  a decarboxylation.  Although  heterofermentative 
organisme  lack  the  aldolase,  they  do  possess  another  ensyme, 
phosphoketolaee . Xyluloee-5-phosphate  is  cleaved  by  the 
phosphoketolase  to  produce  glyceraldehyde-3 -phosphate  and 
acetyl  phosphate.  The  glyceraldehyde  is  metabolized  in  the 
same  way  as  the  glycolytic  pathway  (Figure  1)  which  results 
in  the  production  of  lactic  acid,  when  pentoses  are 
metaboliaed  by  heterofermentative  organisms,  no  carbon 
dioxide  is  formed  since  no  dehydrogenation  step  is  necessary 
to  reach  the  xylulose-5-phosphate  intermediary.  Pentose 
fermentation  yields  lactic  and  acetic  acid  (51) . 

All  of  the  Pediacoeeua,  Lactoeoccus,  and  streptococcus 
are  homofermentative  organisms.  The  leuconostoc  are 
heterofermentative  and  the  Lactobacillus  may  be  either 
depending  on  the  species  (51,101). 

Lactic  acid  bacteria  were  first  classified  In  the  early 
I900's.  A group  was  created  for  bacteria  that  fermented 
milk  causing  coagulation  (20,101).  Orla-Jensen  In  1919 
summarized,  "The  true  lactic  acid  bacteria  form  a great 


nacural  group  of  immocile,  eporaleas,  gram-poeitive  oocci 
and  rode,  which  in  fermancing  sugar  form  chiefly  lacnic 

The  lactic  acid  bacteria  are  part  of  the  normal  flora 
of  Che  mouth,  lower  intestine,  and  the  vagina.  They  are 
symbiotic  and  are  generally  a benefit  to  the  host  by 
stopping  Che  invasion  of  other  organisms  chat  may  not  be 
beneficial  {91,9?}, 


Fermented  FanHs 

hactic  acid  bacteria  are  responsible  for  Che 
fermentation  of  a variety  of  foods.  Fermentation  is  a 
process  whereby  carbohydrates  or  other  compounds  are 
oxidized  to  produce  energy  without  the  use  of  external 
electron  acceptors  (51).  Fermented  foods  are  important  Co 
man  for  a number  of  reasons.  Fermentation  often  Increases 
Che  shelf-life  of  foods.  Also,  it  can  increase  the  vitamin 
content,  lend  favorable  flavor  attributes,  and  increase  Che 
digestibllicy  of  the  food.  Foods  converted  by  microbial 
activity  add  variety  Co  the  diet  because  fermentation  by- 


products  change  the  flavor  and  texture  of  Che  original  food 
{51,74,95,97) . In  addition,  in  recent  years,  there  hae  been 
an  increased  emphasis  on  nutrition  which  has  led  to  a surge 
of  interest  in  probiotic  foods  and  natural  preservatives 
(46,90).  Benefits  attributed  to  foods  fermented  with  lactic 
acid  bacteria  include  anticarclnogenic  affects,  lowering  of 
cholesterol,  and  stimulation  of  the  immune  system 


The  lactic  acid  bacteria  assist  in  food  preservation  by 
typically  producing  large  quantities  of  lactic  acid  which 
creates  a low  pH  environment  that  ie  not  hospitable  to 
pathogenic  organisms  as  well  ae  many  ocher  spoilage 
baccaria.  Lactic  acid  bacterial  fermencatlona  often  result 
in  an  external  pH  of  less  chan  four.  The  lactic  acid  not 
only  inhibits  other  bacteria  via  pH  depression,  but 
mecabolically  inhibits  them  due  Co  the  undissociated  acid 
molecules  and,  as  pH  decreases,  the  Inhibitory  activity  of 
the  organic  acids  increases  (6, 9, 26 , 46 . 74 , loi, 103) . 

Fermented  milX  products  do  not  have  as  significant  a 
drop  in  pH  due  to  the  buffering  capacity  of  the  mll)c,  yet 


comp«titive  microflora  are  atill  inhibited  (73),  The  lactic 
acid  bacteria  have  also  been  found  to  produce  a number  of 
ancibiotio  compounds.  These  compounds  are  called 
bacterioclns  (74).  T)iey  are  heat  resistant  peptides  or 
proteins  whose  genetic  information  is  usually  plasmid  borne. 
One  such  compound,  nialn,  has  received  much  attention  in 
recent  years.  Misin  is  a polypeptide  containing  34  amino 
acids  produced  by  taccococcus  Isccis.  Lilte  most 
baoteriocins,  it  is  non-toxic  to  humane,  produced  naturally, 
has  good  etorage  stability,  and,  yet,  is  destroyed  by 
digestive  enaymea  (51,74).  The  Pood  and  Drug  Administration 
haa  granted  ORAS  (Generally  Recognised  As  Safe)  statue  to 
nisin  (74)  . It  does  not  contribute  an  oft  odor  to  t)ie 
foodstuff  to  which  it  is  added  and  has  a narrow  epectrum  of 
antimicrobial  activity,  it  is  effective  against  Gram 
positive  organiama  such  as  Clostridium  botulinuro  and 
iisteria  monocytogenes  (29).  Other  )>aeeeriooin8  include 
diplococcin  and  laetostrepclns  (produced  by  species  of 
Lactoeoccus) , pediocina  (produced  by  Pedloeoccus  species) , 
and  a hose  of  others,  such  as  acidophllin,  laetolin,  and 
lactocin  (produced  by  membere  of  the  laetobacllli)  (74,103). 
Lactic  acid  bacteria  used  to  produce  fermented  foods  enhance 


foods  by  preventing 


growth  of  food- 


borne  pathogens  as  well  as  increasing  the  shelf  life  by 
inhibiting  spoilage  organisms  (63,731. 

The  production  of  bacterocins,  hydrogen  peroxide, 
organic  acids,  depressed  pH,  and  nutrient  depletion,  all 
contribute  to  the  mechanics  of  lactic  acid  bacterial 
antagonism  (1,21,25,26,29,63,101, 106,113) . 

llae  as  starter  Cultures 

Natural  fermentations  are  those  fermentations  that  are 
initiated  without  the  addition  of  starter  cultures.  Control 
of  natural  fermentations  is  achieved  by  altering  the 
environment.  Natural  fermentations  are  generally  Blower, 
but  often  yield  more  complex  flavor  components  than  in  a 
controlled  fermentation  (74). 

Controlled  fermentations  add  starter  cultures  to  raw 
food.  The  use  of  starter  cultures  provides  many  advantages 
over  the  more  traditional  method  of  "natural*  fermentation- 
starter  cultures  can  be  added  in  a )tnown  quantity  in  pure 
culture  or  by  -baelcslopping- ■ Bac)tBlopping  is  a method 
uBing  a sample  from  a previous  fermentation  to  inoculate 


materials 


attempt 


fermentation  (74) , The  addition  of  known  atarter  cultures 
is  generally  employed  in  industrial  fermencaciona  because  it 
reduces  processing  time  and  decreases  batch  to  batch 
variation  which  results  in  a more  controllable  fermentation. 
Also,  fermentation  failures  are  less  likely  to  occur  because 
starter  organisms  are  added  in  large  quantities  to  ensure 
their  success  (95) . 

The  ability  to  produce  lactic  acid  and  other  flavor 
components  makes  Che  lactic  acid  group  of  organisms  useful 


as  starter  cultures.  They  aid  in  Che  fermentation  of  millt 
to  produce  acidophilus  milk,  buttermilk,  cheese,  kefir,  and 
yogurt.  They  are  also  important  in  the  fermentation  of  meat 
to  produce  sausages,  cabbage  to  produce  sauerkraut, 
cucumbers  to  produce  pickles,  olive  ferraencacions,  sourdough 
bread  flavor  development,  and  have  even  been  used  in  the 
wine  industry  Co  deaeidify  wines  by  converting  malic  acid  to 
lactic  acid  and  carbon  dioxide  (9 , 51, B9, 97, log) . 

In  apice  of  nutritional  fastidiousness,  Che  lactic  acid 
bacterial  group  has  demonstrated  growth  In  a variety  of 
habitats  chat  include  neutral  pH  (7.0),  neutral  temperatures 
(29  0, low  pH  (3.0),  low  temperatures  (S°C)  , and  high  salt 
s (3k) (20, 75).  In  the  fermentation  of 


sausages,  scarter  cultures  are  uaed  to  produce  cured  or 
ripened  sausages  within  24  to  46  hours  as  opposed  to 
traditional  curing  which  can  take  up  to  14  days.  Sausage 
production  was  probably  one  of  the  first  forms  instances 
where  fermentation  was  used  as  a method  of  food 
preservation.  The  bacteria  in  sausage  production  serve  to 
produce  lactic  acid  from  the  fermentation  of  sugars  and  the 
resulting  acidification  reduces  the  drying  time  because  the 
acid  denatures  the  meat  protein  which  aids  in  the  expulsion 
of  water  {85,95).  The  competitive  microflora  present  in  raw 
meat  is  extremely  high  and  sausage  starter  cultures  must  be 
fast  growing  and  good  competitors  (62).  Some  members  of  the 
lactic  acid  bacterial  group  make  good  competitors  not  only 
because  of  their  ability  to  grow  quickly  in  a specific 
niche,  but  also  )»eauBe  they  are  able  to  inhibit  the 
con^etition  through  the  production  of  their  antimetabolites 
and  bacteriocine  (63) . Lactic  acid  bacteria  are  also  used 
in  the  cheese  industry  to  ferment  milk.  The  starter  culture 
is  typically  added  to  waim  milk.  The  lactose  present  in  the 
milk  is  converted  to  lactic  acid  and  small  amounts  of  carbon 
dioxide,  acetic  acid,  acetaldehyde,  acetoin,  and  diacetyl. 
Theae  products  contribute  to  the  distinctive  flavor  that  a 


cheese  may  exhibit.  Flavor  aevelopmenc  also  occurs  during 
the  cheese  maturation.  In  this  stage,  the  curd  is  broken 
down  due  to  proteolysis,  lipolysis  and  other  entymatic 
processes  which  create  texture  and  flavor  differences  (751. 
For  most  cheese  types,  during  the  first  few  weeks  of 
maturation,  the  starter  population  rapidly  declines  but 
enzymes  survive  to  continue  the  maturation  process  (i.e., 
proteases  and  lipases)  (201 . An  exception  to  this  is 
Cheddar  cheese  where  the  lactic  streptococci  and  the 
lactobacilli  increase  in  population  until  a maximum  is 
reached,  usually  at  3 to  « months  (8S).  Although 
extensively  studied,  Che  dynamics  of  these  mixed  scarcer 
populations  and  their  specific  contributions  to  flavor  and 
texture  are  not  well  understood  (251 . 

Another  industry  chat  involves  a lactic  acid  bacterial 
fermentation  Is  the  production  of  sauerkraut.  Sauerkraut  Is 
a natural  fermentation  of  cabbage.  The  external  environment 
ia  altered  by  placing  the  cabbage  in  a salt  brine  in  a 
similar  manner  as  picklea  and  olives.  Salt  ia  added  to  the 
raw  cabbage  and  it  extracts  water  from  the  cabbage  thus 
forming  the  brine.  A eucceseion  of  bacteria  is  involved  in 
the  fermentation.  It  begins  with  Leuconoacoc  raesenceroides 


and  ie  followed  by  either  Lactobacillus  brevis  or 
Lactobacillus  plantarum  and,  often,  Pediococcue  speciea, 
since  sauerkraut  ia  a natural  fermentation,  there  is  the 
opportunity  for  the  growth  of  undesirable  microorganisms 
which  can  result  in  an  inferior  or  unacceptable  product. 
Researchers  write  that  in  order  to  achieve  controlled 
regulation  of  the  fermentation, 

it  is  necessary  to  gain  more  information  on  the  role 
and  limitations  of  the  raw  product;  to  define  more 
closely  those  conditions  which  contribute  to 
undesirable  or  abnormal  end-product  formation;  and  to 
establish  conditions  which  are  optimal  for  the  growth 
of  selective  cultures.  This  knowledge  when  properly 
applied  should  offer  a fermentation  which  can  be 
controlled  as  desired.  {20i279} 

This  sentiment  is  expressed  by  many  industrial  food 
microbiologists  who  rely  on  fermentations  to  produce  their 
product  (281 . 

Permentatione  generally  contain  mixed  populetions  of 
organisms,  whether  it  be  the  etarter  culture  and  the  normal 
flora  of  the  raw  materials,  or  a mixed  starter  population. 
The  dynamics  of  mixed  populations  are  a result  of 
competition;  growth  stimulation,-  changes  in  redox  potential, 
water  activity,  and  pH;  subatrate  changes;  and  the 
production  of  inhibitory  eubatances  or  secondary  metabolites 
(40) . The  interaction  between  two  microorganisms  and  the 


between  a microorganism 


environment 


very  important.  Microbial  growth  may  deplete  certain 
nutrients  whose  absence  could  strongly  affect  another 
population.  Changes  in  substrates  could  increase  or 
decrease  the  ability  of  certain  organisms  to  grow.  An 
example  of  this  is  in  the  case  of  staphylococcus. 
Staphylococcue  is  a poor  competitor,  but  an  increased  salt 
concentration  or  a lowered  water  activity  may  decrease 
competitive  microflora  and  provide  Staphylococcus  the 
opportunity  to  thrive.  Byproducts  of  microbial  growth  may 
also  affect  members  of  a population.  Examples  of  substances 
of  microbial  origin  which  are  able  to  affect  the  growth  of 
other  microbes  include:  hydrogen  Ions,  carbon  dioxide, 
organic  acids,  peroxides,  and  antibiotics  or  bacteriocins 


Bnsymatie  reactions  associated  with  microbial  growth 
may  result  in  ths  production  of  acid  or  alkaline  conditions 
in  foods.  Acids,  such  as  lactic  acid,  are  produced  mainly 
by  the  fermentation  of  carbohydrates.  Alkaline  conditions 
are  achieved  by  the  production  of  ammonia  or  amines  during 
the  breakdown  of  proteins,  pH  is  a critical  factor  and 
slight  changes  can  greatly  Influence  the  development  of 


microflora.  In  natural  fermentationa,  acid  production  can 
aelecc  for  acid  tolerant  organisms  such  as  the  lactic  acid 
bacteria.  In  starter  cultures,  growth  stimulating 
activities  have  been  observed  between  yeasts,  micrococci, 
streptococci,  laotobacilli,  bacilli,  and  the 
Enterobacteriaceae . In  this  phenomenon,  metabolic  by- 
products of  one  microbe  can  be  readily  absorbed  and  utilited 
by  others.  In  Che  fermentation  of  olives,  it  is  believed 
that  yeascs  provide  B vitamins  that  are  necessary  for  the 
growth  of  Lactobacillus  plancarum  and  recently,  it  was 
discovered  chat  two  strains  of  LacCobscillue  exist  in  such 
close  association  in  sourdough  cultures  that  they  are 
impossible  to  culture  individually  (48,89,111). 

These  close  associations  of  microorganisms  lead  to  the 
development  of  symbiotic  relationships.  Symbiotic 
relationships  are  chose  where  two  or  more  species  exhibit 
maximum  growth  potential  in  the  presence  of  each  ocher.  The 
close  association  of  Laecobaeillus  bulgaricua  and 
Streptococcus  chermophilus  in  yogurt  cultures  is  one  such 
example.  These  organisms  display  greater  metabolic  activity 
in  mixed  culture  Chan  the  sum  of  Che  two  acting 


individually. 


presence 


chemophiius  grows  faster,  reaches  higher  numbers,  and,  as  a 
result,  produces  more  acid  than  it  does  in  pure  culture 
148).  These  interactions  are  difficult  to  study  doe  to  Che 
laborious  process  required  to  adequately  monitor  mixed 
cultures-  In  Che  case  of  the  lactic  acid  bacteria,  their 
meticulous  growth  requirements  further  complicate  the  Issue- 


Although  lactic  acid  bacteria  are  used  as  scarcer 
cultures,  they  may  also  be  problematic  spoilage  organisms  if 
they  enter  the  food  system  uninvited. 

l.acCic  acid  bacteria  show  a high  degree  of  adaptation 
Co  their  environment.  In  spite  of  their  highly  fastidious 
nutritional  requirements,  they  are  still  able  Co  use 
relatively  acarcs  energy  sources,  partly  by  the  use  of  their 
ion-reduction  systems.  As  discussed  previously,  their 
nutritional  preferences  allow  them  to  develop  symbiotic 
relationships  that  enhance  their  survival  and,  at  the  same 
time,  increase  their  difficulty  to  control. 

In  vacuum  packaged  meats,  lactic  acid  bacteria 
predominate  and  are  responsible  for  the  formation  of 
dlacetyl  which  is  often  a component  of  the  volatile 


compounds  in  these  meats-  To  the  consumer  this  is  noticed 
as  an  off  odor.  l,actic  acid  bacteria  nay  also  produce  a 
ropy  slime  on  the  surface  of  the  meat  as  well  as  causing 
greenness  and  souring  (54).  The  lowered  redox  potential  and 
increased  carbon  dioxide  in  vacuum  pached  meats  favors  the 
presence  of  lactic  acid  bacteria  (71) . The  production  of 
hydrogen  peroxide  by  lactic  spoilage  organisms  in  the 
presence  of  oxygen  causes  an  oxidation  reaction  with 
nitrosohaemochrome  which  results  in  the  green  discoloration 
that  is  unpleasant  to  consumers,  if  nitrates  are  present, 
lactlcs  will  thrive  because  they  are  not  sensitive  to 
nitrites  (102) . 

In  the  orange  juice  industry,  lactic  acid  bacteria, 
auch  as  heuconostoe,  produce  a buttermlDc  aroma  which  ie 
extremely  undesirable  in  this  type  of  product  (78,79). 

Lactlcs  have  been  associated  with  the  Industry  spoilage  of 
salad  dressings  due  to  excessive  gas  production  which 
resulted  in  "champagne"  salad  dressings  (85).  Lactobacillus 
fruccorarana  has  been  commonly  associated  with  the  spoilage 
of  vinegar  preserves  thus  providing  an  example  of  the 
ability  of  these  organisms  to  withstand  high  levels  of 
organic  acids,  in  this  case  acetic  acid  (23),  The  lactic 


group  is  also  associaced  with  the  spoilage  of  beer  and  wine 
(21  . In  addition,  non-starter  lactica  have  been 
deraonstrated  to  enter  feroentation  aystecns  and  produce 
biofilsis  in  fermentation  vats  196)  . 

fermentation  Controla 

Pennentation  controls  traditionally  rely  on  creating 
the  optimum  environment  for  the  growth  of  the  desired 
organisms  and  the  development  of  optimal  starter  etraina. 

The  strength  of  the  starter  culture  is  critical  to 
successful  fermentation  technology.  Starter  culture 
organisms  must  be  good  competitors  and  fast  growing,  often, 
starter  strains  are  rotated  to  avoid  phage  infection.  Good 
Manufacturing  Practices  (QMPs)  and  good  sanitation  practices 
are  essential  to  ensure  that  the  level  of  competitive 
microflora  does  not  overcome  the  starter  culture  178).  The 
composition  of  the  raw  materials,  the  type  of  heat 
pretreatment,  and  incubation  conditions  are  all  factors  that 
can  be  manipulated  to  ensure  and  maintain  the  artificial 
dominance  of  starter  organisms  over  the  natural  flora  (74) . 
Once  the  fermentation  has  been  initiated,  there  are  a number 


Current  controls  for  monitoring  fermentations  tnainly 
rely  on  measuring  the  physical  attributes  of  the  food  that 
is  being  fermented.  In  the  meat  industry,  instrumental 
controls  to  continually  measure  aspects  such  as  pH,  water 
activity,  and  weight  loss  are  used.  In  addition,  other 
fermentation  parameters  may  be  controlled  to  ensure  a safe 
product.  Por  example,  the  American  Meat  Institute  states 
that  Good  Manufacturing  Practices  for  sausages  include 
reaching  a pH  of  S.3  or  less  within  80  hours  at  24°C.  This 
is  to  ensure  that  pathogenic  microorganisms  such  as 
Staphylococcus  aureus  are  not  given  the  chance  to  reach 
toxic  levels  prior  to  the  pH  drop  where  their  growth  is 
inhibited  (42,62,82).  tittle  information  about  the  specific 
biochemical  contributions  of  the  starter  cultures  on  flavor 
and  aroma  is  known  (62)  . This  is  one  reason  that  the 
maintenance  of  the  desired  starter  population  throughout  the 
fermentation  is  important. 

Traditionally,  mixed  strain  starter  cultures  have  been 
used  on  a rotation  basis  to  avoid  phage  infection  and 
maintain  a healthy  starter  population  to  control  the  outcome 
of  fermentations.  Other  benefits  of  mixed  strains  are  as 


follows:  activity  nay  be  lese  affected  by  changes  in  raw 
material  composition,  a lower  inoculum  level  is  needed,  a 
more  consistent  end  product  is  achieved,  and  the  starter 
activity  is  more  uniform  (9)  . However,  recent  reports  have 
suggested  chat  there  may  be  advantagee  to  using  a single 
strain.  Continuous  cultures  could  be  applied  and  this 
reduction  in  bacterial  diversity  nay  lead  to  decreased  phage 
diversity  within  manufacturing  facilities  (34).  In  this 
Bituacion,  the  integrity  of  the  single  strain  starter 
becomes  even  more  critical  and  must  he  highly  monitored  to 
prevent  failure. 

Biosensors  are  self-contained  analytical  syatecfis  that 
are  being  developed  for  clinical  use  as  rapid  "on  the  spot' 
testing  at  Che  bedside.  As  their  development  continues, 
they  may  be  expanded  for  use  in  continuous  monitoring  of 
fermentations.  Currently,  their  application  to  food  systems 
is  hampered  by  difficulties  such  ae  electrode  fouling,  pH 
dependence,  and  non-uniform  mixing  of  the  subacrate 
concentration  as  well  as  Che  presence  of  high  concentrations 


analytes  (79) . 


Direct  nonltoring  of  fermentation  cuituree  has  not  been 
typically  applied-  This  ie  mainly  due  to  the  fact  that  in  a 
production  situation  where  large  inoculuma  of  quickly 
growing  starter  organisms  are  used,  there  is  simply  not 
enough  time  to  run  traditional  microbiological  tests  to 
determine  the  types  of  organisms  present  in  the  culture. 

Recent  concerns  about  emerging  pathogens  in  products 
such  as  the  presence  of  B.eoll  0157;H7  in  sausage  highlight 
the  need  for  quick  and  reliable  means  to  directly  monitor 
fermentations.  One  challenge  of  direct  monitoring  is  the 
rapid  isolation  of  bacteria  from  the  material  undergoing  the 
fermentation  reaction.  Traditional  plating  methods  do  not 
provide  timely  results. 

Methods  have  been  developed  to  extract  the  DNh  of  non- 
culturable  organisma  directly  from  solle  and  eediments. 

These  procedurea  fall  into  two  categories,-  cells  are  lysed 
removal  from  the  sediment  or  cells  are  lysed  within 
the  sediment  158).  Disruption  of  the  cells  within  the 
sediment  involves  treatment  of  the  eediment  with  lysoryme 
and  rapid  freeze-thaw  followed  by  a phenol-chloroform 
extraction  and  precipitation  of  the  ONA.  Finally, 


impurities  are  removed  using  gel  filtration.  The  other 
method  involves  the  use  of  glass  beads  to  disrupt  cells  that 
have  been  removed  from  sediment  and  centrifugation  to  remove 
Che  beads  and  eediment  particles.  This  is  followed  by  a 
phenol-chloroform  extraction  and  ultrafiltration.  The  lysis 
of  cells  after  removal  from  the  sediment  provides  Che 
highest  yield  of  DNA,  but  it  is  more  fragmented  due  Co 
shearing  (56,119).  Similar  methods  have  been  developed  for 
DNA  extraction  of  marine  bacteria  (80).  Theee  methods 
provide  an  advantage  in  Chat  they  have  the  ability  to  detect 
non-culturable  organisms  and  they  do  directly  extract  DNA; 
however,  this  extraction  of  the  DNA  is  not  timely.  Host 
industrial  termencaclons  will  have  finished  prior  to  the 
analysis  of  the  first  sample.  Also,  the  DNA,  once  extracted 
is  often  fragmented  during  the  rigorous  attempts  to  separate 
It  from  the  sediment.  One  group  of  researchers  (106) 
attempted  a PCR  amplification  of  DNA  extracted  from 
sediment,  but  discovered  chat  amplification  was  inhibited. 

An  electrophoresis  step  was  necessary  prior  to  performing 


Lactic  acid  bacteria  are  difficult  to  grow  in  culture 
and,  often,  when  they  do  grow,  it  ie  slow.  They  have 
fastidious  nutritional  requirements  and  require  prefonned 
amino  acids,  B vitamins,  and  purine  and  pyrimidine  bases. 
These  requirements  often  restrict  them  to  environments  where 


minerals  occur  in  sufficient  quantity  and  proportion  to 
support  their  growth  (31,51,77,110).  This  fastidious  nature 
IS  believed  to  be  caused  by  mutational  losses  of  metabolic 
steps.  It  has  been  hypothesized  chat  this  is  done  by  Che 
organisms  in  an  attempt  to  eliminate  nonessential  pathways 
to  conserve  energy  by  limiting  metabolites  (8).  Researchers 
have  developed  a large  number  of  broth  and  agar  placing 
media  in  an  attempt  to  optimize  the  growth  of  Che  more 
fastidiouB  lactic  acid  bacteria  (see  Table  1).  This  is 
indicative  of  the  difficulties  encountered  in  growing 
members  of  this  group.  Media  selection  is  controlled  to 
some  extent  by  Che  sereins  under  study  as  well  as  the 
foodstuff  from  which  they  are  isolated  (4,31,48,96  101  110) 
The  lactic  acid  bacteria  are  tolerant  of  low  pH,  but  can  be 
sensitive  to  ocher  adverse  condicione  such  as  freezing. 


sterile  peptone  water  is  recommended  for  the  dilution 
of  samplee  becauae  phosphate  buffered  diluent  has  been  shown 
to  damage  the  bacteria  in  samples  to  Che  point  that  reduced 
counts  are  obtained  {48,98,110) . 

Since  Che  lactic  acid  bacteria  seem  Co  demonstrate 
*>6tter  growth  in  a reduced  oxygen  atmosphere,  it  is  a common 
practice  to  incubate  cultures  under  semi-anaerobic 
conditions  in  the  presence  of  substantial  concentrations  of 
carbon  dioxide  {20,48,101,1101. 

There  is  no  single  medium  Chat  has  been  developed  for 
the  cultivation  of  all  lactic  acid  bacteria.  DeMan,  Rogosa, 
and  Sharpe  (MRS)  agar  is  Che  closest  thing  to  a universal 
medium  for  Che  lactic  acid  bacterial  group,  but  many 
isolates  fail  to  grow  on  HRS  (77)  . luietie  acid  bacteria 
prefer  fructose  as  a carbon  source  rather  than  glucoae; 
however,  much  of  the  commercially  available  media,  including 
HRS,  contains  glucose  and  not  fructose  {48,65,101). 

CIaBaiflcarlan/Ta»nnmnv  of  Tactic  a>-id  Bari-.-i. 

As  microbiologists  continue  to  explore  new  horizons  and 
isolation  methods  become  more  advanced,  it  is  apparsnt  that 


degree  of  bacterial  diversity 


Traditional  claaaification  of  microorganisme  has  baan  based 
on  biochemical  and  morphological  similarities  and 
differences.  There  is  some  concern  that  current  taxonomy 
does  not  reflect  the  evolutionary  origin  of  microorganisms 
(57,59).  In  the  lactic  acid  bacterial  group  alone  there 
exists  a physiologically  and  morphologically  diverse 
population  (101).  Classification  of  lactic  acid  bacteria 
has  been  approached  using  a number  of  methods  including  QCV 
ratio,  DNA  hybridisation,  serology,  electrophoretic  mobility 
of  lactic  dehydrogenases,  biochemical,  and  fatty  acid 
composition  ae  well  as  simple  gram  reactions 
(27,25,30,32,37,51,86,93,100,107) . 

The  SC  ratio  varies  from  a ratio  of  S3  for 
Lactobacillus  fementuii?  to  35  for  Lactobacillus  ssllvarlus. 
When  organiams  are  grouped  according  to  their  GC  ratios, 
homofermenters  and  heterofermenters  overlap  the  groups  thus 
emphasising  the  diversity  (51). 

Many  automated  Identification  systems  exist  for  the 
identification  of  clinical  specimens,  but  there  are  few 
systems  developed  that  can  identify  environmental  isolates 
guicicly  and  reliably.  Test  )citB  tor  non-enteric  organisms 


labor  intensive 


Blow  (S3). 


The  basic  premies  of  strain  typing  or  differentiation 
is  that  clonal  descendants  from  a single  ancestor  vill 
possess  chataeteristics  that  are  different  from  descendants 
of  a different  anceator.  Strain  typing  has  been  used 
hlstcrically  for  epidemiological  purposes  in  the  medical 
industry  to  determine  whether  origins  of  infections  were 
related.  Due  to  technology  constraints,  traditional  methods 
of  strain  typing  use  phenotypic  expressions  such  as 
serology,  biotyping  and  morphology-  The  lactic  acid 
bacterial  group  is  extremely  diverse  and  Che  application  of 
phenotypic  methods  is  difficult.  Antibiotic  resistance  has 
proven  successful  for  the  classification  of  this  group  and 
it  has  been  used  in  both  the  food  and  medical  industries. 
However,  in  recent  years  more  sophisticated  methods  of 
strain  typing  have  emerged.  These  include  the  use  of 
molecular  techniques  which,  theoretically,  should  be  able  to 
specifically  determine  clonality.  The  development  of  these 
techniques  specific  to  the  lactic  acid  bacterial  group  has 
not  kept  pace  with  the  common  pathogenic  organisms  due  to 
the  lactic  group's  limited  role  in  clinical  epidemics. 

Plasmid  profiling  is  a popular  method  applied  to  the  lactic 
acid  bacteria  but,  unfortunately,  thle  is  not  a stable 


molecular  identification  technique  due  to  the  fact  that 
bacterial  straine  may  gain  or  loae  plasmids. 

The  use  of  patterns  generated  from  the  digestion  of 
chromosomal  DNA  using  restriction  endonucleases  is  sensitive 
and  may  have  the  potential  to  differentiate  between  similar 
strains.  Ribotyping,  which  types  strains  based  on  patterns 
generated  by  the  ribosomal  RNA  genes,  has  been  successful 
for  distinguishing  menibers  of  this  group  (19,32,59)  In 
some  instances  ribotyping  has  not  been  discriminatory  enough 
and  the  application  of  pulsed  field  gel  electrophoresis  has 
been  more  successful  (32,94) . It  should  be  noted,  however. 


that  molecular  techniques  tend  to  be  more  time  consuming  and 
expensive  than  simple  plasmid  profiling  or  serology.  In 
addition,  there  are  few  studies  on  the  lactic  acid  bacteria 
to  demonstrate  the  degree  of  reproducibility  of  the 
techniques.  Only  about  one-third  of  the  species  of  lactic 
acid  bacteria  have  been  extensively  studied.  Moat  studies 
have  concentrated  on  iacccbaciJlus  helveclcus,  t. 
aaidophiltiB.  L.  ferTnentum,  L.  plantarum,  t.  easel,  fc. 
reuteri,  L.  Bake,  and  L.  curvatuB.  Many  etudies  have 
investigated  the  gastrointestinal  flora  of  animals  to  give 
insight  into  the  role  these  organisms  play  in  the  intestinal 
ecosystem.  In  the  food  industry,  the  persistence  of 


Lactobacillus  scarcer  culCures  has  been  monicored  in  ailage 
and  Co  measure  diversity  in  natural  fermentacions  such  as 
olives,  fermented  meaCs,  and  sourdough  C32,B9,112).  There 
has  been  limited  application  Co  concinuoue  monicoring  of 
scarcer  cultures  or  attempts  Co  trace  spoilage  due  to  lactic 


acid  bacteria  within  a food 

processing  environment. 

Since  strain  typing  of 

Che  lactic  acid  bacteria  has  not 

kept  pace  with  advances  of 

more  medically  '■important' 

bacteria,  there  exists  a need  to  do  more  comparative 
research  between  techniques  and  Che  possible  development  of 
typing  systems  for  the  more  important  lacCobaoilli . The 
application  of  typing  cechnicfuea  to  a wider  range  of  species 


and  environments  as  well  as 

studies  tracing  the  sources  of 

contaminating  organisms  are 

required,  "The  importance  of 

Che  genus,  Lactobacillus,  i 

n both  the  industrial  sphere  and 

human  and  animal  health  war 

rant  the  extensive  development 

and  implementation  of  strai 

n typing  techniques  for  this 

The  use  of  rapid  identification  loethode  in  the  field  of 
microbiolocry  has  grown  in  recent  years.  The  iinportanee  of 
quick  diagnosis  in  the  medical  industry  is  obvious.  In  Che 
food  industry,  the  benefits  to  rapid  analysis  are 
tremendoue.  Cost  savings  can  be  achieved  in  terms  of  raw 
material  and  finished  product  storage  alone.  If  positives 
are  detected,  product  can  be  widely  implicated  and  down  time 
of  equipment  during  cleaning  may  be  extensive.  Traditional 
biochemical  culturing  and  classification  is  still  useful  and 
necessary,  but  even  those  tests  are  becoming  automated.  The 
introduction  of  computers  has  significantly  advanced  these 
rapid  identification  methods  se  reaction  patterns  or 
restriction  patterns  generated  can  be  stored  and  compared  to 
relatively  large  databasee. 

Rapid  methods  have  been  developed  to  simplify  culturing 
techniques  such  as  automatic  diluters,  platers,  and  the 
development  of  membrane  filters  and  traditional  agar 
replacements,  Ensyme  linked  immunosorbant  assays  (ELISA), 
DMA  probes  and  Polymerase  chain  Reaction  (PCR)  technology 
have  all  emerged  to  speed  the  process  of  bacterial  culturing 


identification  (39) . 


In  this  research,  three  methods  to  characterise  and 
identify  lactic  acid  bacteria  were  tested.  The  methods 
include  a biochemical  one.  which  reflects  an  organism's 
phenotypic  response  to  environmental  substrates;  fatty  acid 
profiling,  which  measures  Che  organisms  phenotypic 
structure;  and  ribotyping,  which  characterises  a portion  of 
Che  bacterial  genome.  The  challenge  to  using  standard, 
developed  methods  is  chat  they  often  will  only  successfully 
Identify  a small  percentage  of  environmental  isolates  (IS) 
Many  of  the  rapid  tests  for  foodborne  bacteria  are 
adaptations  of  ones  developed  tor  clinical  Isolates,  but  the 
background  microflora  is  much  different  for  food  as  well  as 
the  level  of  acceptable  organisms  (117).  in  Che  food 
industry,  few  testa  specific  to  foodborne  bacteria  exist  and 
clinical  dacabasea  or  ATCC  databases  often  do  not  provide 
dace  for  the  reliable  identification  of  environmental  food 
isolates-  The  advantages  of  these  systems  are  the  speed  of 
Che  analysis  and  the  high  sensitivity  when  compared  Co 
classical  methodology.  Also,  results  can  be  scored  in 
computer  databases  and  used  for  future  comparisons  which  is 
extremely  It^iorcanc  in  epidemiological  considerations. 


Blolag  turnmargd  Hlgmhial  Trifnr  i f i 


Biolog  (Hayward,  CA)  was  developed  in  1989  as  a method 
for  identifying  aerobic  Gram  negative  bacteria  such  as  the 
enteric  bacilli,  non-£ennenters,  and  some  fastidious 
species.  It  is  an  automated  system  equipped  with:  a 
computer  and  Che  appropriate  software,  a turbidimeter,  a 
microplate  reader  and  coated  microwell  plates  (11). 
Currently,  )eita  are  available  for  a broad  range  of  bacteria 
including  cocci,  bacilli,  and  spore  formers.  Identification 
is  made  by  determining  the  carbon  source  utilization  profile 
of  a particular  strain.  The  )cit  consists  of  ninety-six 
dehydrated  panels  that  contain  tetrazoliura  violet,  a 
buffered  nutrient  medium,  and  a different  carbon  source  for 
each  well,  except  Che  control  well.  Table  2 lists  Che 
carbon  sources  for  the  wells. 

The  indicator  is  Cetrazolium  violet,  a redox  dye,  which 
IS  used  Co  detect  electrons  donated  by  HADH  to  Che  electron 
transport  system.  When  reduced,  cetrazolium  violet  is  a 
purple  formazan;  therefore,  when  a carbon  source  is  not 
used,  Che  microwell  remains  colorless.  A pattern  of  purple 
and  colorless  wells  is  created  that  yields  a metabolic 
fingerprint  for  each  organism  tested  (99),  The  ninety-five 


provide  idencificaCion  for  fifcy-seven 


strains  of  lactic  acid  bacteria.  These  strains  are  listed 
on  Table  3 . Once  the  strain  of  interest  is  cultured  on  a 
solid  agar  medium,  the  cells  are  removed  from  the  surface 
and  suspended  in  a liquid  medium  to  a specified  optical 
density.  The  96  microwell  plate  is  inoculated  with  the  cell 
suspension  and  incubated.  Reactions  may  be  read  in  4 or  24 
hours  and  an  identification  is  made.  One  publication  {51) 
accepted  identifications  of  Gram  negative  bacteria  if  the 
similarity  Indices  were  o.soi]  or  higher  at  24  hours,  of  the 
41  isolates  run  in  their  study,  40  (98»)  were  identified  to 

correct  species.  These  researchers  found  that  inciUsating 
Gram  negative  plates  for  6 to  6 hours  and  using  the  4 hour 
database  resulted  in  optimal  performance  although  it  was  not 
recommended  by  the  manufacturer  (S3) . 

Biolog  identifications  are  performed  using  numerical 
taxonomy.  The  well  reactions  are  coded  as  binary  variables 
(i.e.  positive  or  negative)  for  each  individual  test  or 
well.  Once  the  classification  is  achieved,  a percentage 
positive  cable  is  generated  that  shows  Che  percent  of 
strains  within  the  group  that  tested  positive  for  each  well. 


These  values  are  used  to  generate  an  identification  matrix 
which  selects  a minimum  number  of  criteria  deemed  to  be 
discriminatory  for  the  classification  group.  This 
calculation  ie  then  verified  by  practical  trials  {18) . 

Analysis  of  CelluTar  Party  r-irta 

A large  number  of  fatty  acids  are  found  in  the  cell 
wall  and  cell  membranes  of  bacteria-  The  composition  of 
these  cellular  fatty  acide  is  a genetic  trait  that  is  highly 
conserved  within  a taxonomic  group,  with  controlled  culture 
conditions,  a cellular  fatty  acid  profile  is  a very  stable 
phenotypic  expression  of  a bacterial  genotype-  Patty  acid 
profiles  are  not  prone  to  alteration  by  moderate  genetic 
mutations  and  closely  related  bacteria  have  very  similar 
fatty  acid  profiles.  Thus  cluster  analysis  of  the  cellular 
fatty  acid  profiles  can  be  used  to  group  bacteria-  Analysis 
of  cellular  fatty  acids  uses  actual  cellular  material  in 
contrast  to  traditional  biochemical  methods  that  measure 
cellular  density  or  color  changes  due  to  pH  (39), 

The  procedure  for  analysis  of  cellular  fatty  acids 
involves  the  isolation  and  resuscitation  of  the  original 
strain,  cultivation,  hydrolysis  of  fat,  fatty  acid 


derivatlzaclon,  GC  analyaia  of  the  fatty  acid  methyl  esters, 
and,  finally,  comparison  of  these  results  to  a database. 

The  most  important  of  these  steps  is  the  cell  treatment 
during  resuscitation  and  cultivation.  Factors  such  as 
temperature,  pH,  salt  content  of  the  medium,  and  growth 
stage  at  Che  time  of  harvesting  can  all  affect  the  final 
profile,  which,  in  turn  affects  the  comparison  to  a database 
(40).  For  cellular  fatty  acid  analysis  of  lactic  acid 
bacteria,  a relatively  large  amount  of  bacterial  cells  must 
be  harvested  from  solid  placing  media.  This  growth  must  be 
in  pure  culture,  standardized  growth  conditions  are 
essential  in  order  to  obtain  profiles  for  comparison.  This 
10  due  Co  Che  fact  chat  Che  cell  envelope  responds  to 
environmental  changes  and  cells  alter  the  fatty  acid 
composition  of  their  lipids  to  maintain  fluidity. 
Phospholipids  form  the  bilayer  of  this  membrane  and  this 
structure  is  composed  primarily  of  straight  chain  fatty  acid 
esters  lin)ced  to  glycerol  phosphates.  The  time  and 
temperature  of  incubation  as  well  as  the  growth  media  must 
be  established  prior  to  making  fatty  acid  composition 
comparisons.  For  example,  as  incubation  temperatures 

by  increasing  their  percentage  of 


decrease,  cells  adjust 


unsaturated  fatty  acids  to  maintain  fluidity.  Lower  chain 
length  and  increased  double  bonds  will  also  provide  this 
effect  (61,681.  Colonies  should  be  harvested  in  the  late 
log  phase  because  this  is  the  phase  that  yields  the  most 
stable  fatty  acid  compositions.  However,  they  cannot  be 
harvested  too  late  in  the  log  phase.  In  Vibrio  cells,  the 
percentage  of  saturated  fatty  acids  increased  from  4S  to 
69.5V  and  Che  unsaturated  species  decreased  from  45  to  17V 
as  the  cells  aged  and  previously  undetected  long  chain  fatty 
acids  appeared  (61) . A similar  trend  was  observed  with 
B.coll  cells  (611.  If  cell  culture  conditions  are  rigidly 
standardized,  the  fatty  acid  composition  should  be 
consistent . 

After  harvesting,  whole  cells  of  bacteria  or  yeasts  are 
saponified  in  a strong  base  (sodium  hydroxide-methanol  at 
100  C for  30  minutesl  Co  release  the  cellular  fatty  acids 
from  cellular  lipids,  the  second  step  is  methylation  with 
HCl  in  methanol  at  60*C  for  10  minutes.  The  fatty  acid 
methyl  eaters  are  extracted  into  a mixture  of  hexane  and 
methyl  tertiary  butyl  ether  for  10  minutes  and,  finally,  the 
extract  is  washed  in  aqueous  sodium  hydroxide.  The  fatty 
acids  are  converted  to  a methyl  ester  derivative  to  increase 


volatility  and  then  analyzed  uaing  gas  chromatography  (€6) . 
The  eystem  identifies  dimethyl  acetyls,  aldehydes  and  other 
unknown  compounds  in  addition  to  the  fatty  acid  methyl 

Cellular  fatty  acids  are  usually  defined  as  those  from 
9 to  20  carbons  in  length  which  includes  Che  majority  of  the 
fatty  acids  in  the  cell  membrane  in  Che  form  of  glycolipid 
and  phospholipid.  Most  bacteria  synthesize  fatty  acids  with 
a chain  length  of  10  to  19.  The  16  to  18  length  chains  are 
the  most  predominant.  The  acids  are  named  according  to  the 
number  of  carbons  in  Che  chain,  Che  type  of  functional 
group,  and  Che  double  bond  location.  Carbons  are  counted 
from  Che  carboxyl  end  (921 . Figure  3 shows  some  examples  of 


hexadecanoic  acid,  a highly  conserved  fatty  acid  within 
the  prokaryotic  organisms,  would  be  denoted  C . It 
includes  constituents  of  the  lipopolysaccharides  (IPS),  but 
not  Che  very  long  chains  found  in  mycolic  acids.  In 
addition  to  Che  membrane  fatty  acids,  Che  Lipid  A component 
of  the  LPS  layer  is  a major  source  of  fatty  acids  in  Che 
Gram  negative  bacteria.  In  Gram  positive  organiams,  it  is 
Che  lipoteichoic  acids.  Fungi  produce  sterols  as  the  major 
lipid.  The  type  of  fatty  acid  produced  by  a particular 
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organism  is  indicative  of  the  biosynthetic  pathway  used  to 
make  that  fatty  acid.  The  Coensyme  A ester  of  a fatty  acid 
is  synthesized  using  acetyl  coenzyme  A as  the  primer.  More 
than  one  hundred  fatty  acids  have  been  identified  and  the 
type  of  fatty  acid  aa  well  as  the  quantity  present  in  the 
cell  is  unique  to  that  organism.  Theoretically,  this  means 
that  differentiation  between  combinations  are  possible. 

Usually  a range  of  5 to  IS  fatty  acids  are  predominant 
in  any  one  organism.  The  most  common  are  saturated, 
straight-chain  or  raonounsaturated  acids  with  single  double 
bonds  in  Che  chain.  Fatty  acids  with  branched  carbon  chains 
are  leas  common  chan  straight  chain  and  usually  result  in 
•iso'  and  "anceiso"  acids  (6a).  Gram  negative  bacteria  tend 
to  have  a higher  percentage  of  saturated  and  monounsaturaced 
fatty  acids  with  even  numbered  chain  lengths.  The  Gram 
positive  group  tends  to  have  more  branched  chain,  odd 
numbered  chain  lengths,  and  lower  levels  of  straight  chain, 
saturated  fatty  acids  chan  the  Gram  negative  (68).  Gram 
positive  organisms  chat  do  not  possess  the  branched  chain 
fatty  acids  are,  therefore,  more  similar  Co  Che  Gram 
negatives  in  this  aspect.  Those  bacteria  are  Che 


eoryneforms  and  Bcreptococci  which  have  acraight  chained 
faChy  acids  and  uneaturated  fatty  acids. 

Di-  and  trl -uneaturated  fatty  acids  have  been  isolated 
from  yeasts  and  the  only  common  cyclic  fatty  acids  are 
isolated  from  Gram  negative  bacteria  (within  the  carbon 
chain  is  a 3 carbon  cyclopropane  ring)  (68).  Hydroxy  fatty 
acids  have  an  OH  group,  while  most  fatty  acids  are 
conpletely  saturated  or  lack  a side  chain  functional  group, 
occasionally  fatty  acids  with  more  than  one  functional  group 
are  isolated.  Since  they  occur  in  so  few  organisms  these 
acids  are  an  immediate  clue  to  the  bacterial  source  (66) . It 
was  discovered  early  that  avirulent  strains  of  Vibrio 
cholerae  did  not  have  branched  chain  fatty  acids,  hut 
virulent  strains  did  possess  these  fatty  acids.  Similar 
discoveries  were  made  with  other  organisms.  The  fatty  acid 
profile  corresponds  to  the  expression  of  nuclear  genetic 
information  and.  therefore,  cannot  be  Influenced  by  plasmids 

The  Microbial  Identification  System  (MIDI)  (Microbial 
ID  Inc.,  Newark,  DE)  was  used  for  this  study.  The  equipment 
involved  in  the  analysis  of  cellular  fatty  acids  includes ; a 
gas  chromatograph  with  a flame  ioniration  detector,  a 


automatic 


silicone  fused  silica  capillary  column,  an 
aampler,  integrator,  computer,  software,  and  a printer. 
After  the  sample  ia  injected  into  the  column,  the  fatty 
acids  are  separated  based  on  retention  times  under  the 
conditions  of  increasing  heat.  The  carrier  gas  is  hydrogen, 
when  the  methyl  ester  of  the  fatty  acid  reaches  the  end  of 
the  column,  it  is  detected  by  the  flame  ionization  detector 
and  the  signal  is  recorded  as  a peak.  The  amount  of  fatty 
acid  present  is  reflected  in  Che  area  underneath  the  peak. 
The  size  of  the  fatty  acid  is  reflected  by  the  retention 
time.  The  amounts  of  cellular  fatty  acids  are  calculated  as 
a percentage  of  the  total  fatty  acids  detected.  The  use  of 
fused-ailica  capillary  columns  as  opposed  to  packed  columns 
allows  the  recovery  of  hydroxy  fatty  acids  and  the  ability 
CO  distinguish  sevsral  isomers  of  fatty  acids  with  the  same 
length  of  carbon  chain  (6«).  The  Microbial  Identification 
Syetem  has  the  ability  to  analyze  more  than  300  fatty  acid 
methyl  esters  ranging  in  length  from  9 to  20  carbons.  The 
computer  analyzes  the  chemical  data  using  a multivariate 
scatratical  method  of  principal  component  analysis  to 
interpret  the  data  in  order  to  give  an  identification. 
Principle  component  analysis  determines  the  most  important 


features  in  the  chernicai  composition  for  distinguishing  one 
species  from  another  (66)  . Strains  in  the  database  are 
listed  in  Table  4 . The  software  will  generate  a plot  or  a 
dendrogram  to  portray  data  about  the  samples  (£4).  New 
library  entries  can  be  created  for  environmental  isolates 
that  may  not  match  the  database  (12,93).  If  cells  are 
cultured  under  alternate  conditions,  composition  profiles 
can  be  reliably  compared  with  profiles  of  other  cells  as 
long  as  they  are  cultured  under  those  same  alternate 
conditions  (43 ) . 


The  Microbial  Identification  System  database  includes 

for  the  genera  £nCsrabacceriaceae,  Pseudomonas, 
staphylococcus.  Bacillus,  and  53  additional  genera  of 
aerobic  bacteria.  In  addition,  it  Includes  information  for 
identification  of  mycobacteria,  anaerobes,  and  yeasts.  The 
databasee  contain  profiles  of  strains  collected  worldwide 
that  have  been  grown  under  standardized  conditions  (£6) . 
Reports  vary  on  the  usefulness  of  this  method  for 
identifying  to  the  genus  and  species  level 
(12,40,41,61,68,31) , 
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DNA  fingerprinting  has  been  used  for  epidemiological 
studies  to  compare  organisms  that  were  phenotypically 
indistinguishable.  This  method  is  based  on  the  restriction 
fragment  length  polymorphisms  in  the  DNA  encoding  tor  the 
ribosenal  RNA  (rRNA).  The  gene  sequence  coding  for  the  ISS 
and  23S  portions  of  the  rRNA  is  a successful  probe  target 
site  because  it  is  universally  distributed,  there  are  many 
copies  per  cell,  and  it  is  highly  conserved  (13). 

Ribotyping  band  patterns  reflect  the  number  and  distribution 
ot  the  rRNA  operons  which  gives  an  indication  of  the  genomic 
organieation  and,  therefore,  species  relatedneas  (18), 
Because  ribotyping  is  not  based  on  phenotypic  ejcpression,  it 
can  offer  a precise  method  for  characterizing  species  and 
distinguishing  strains  (7)  It  has  successfully 
differentiated  between  epecies  and  incraspecies . Ribosomai 
nucleic  acids  are  considered  'phylogenically  meaningful"  and 
are  therefore  used  for  evolutionary  classifications.  This 
molecular  Information  is  leading  to  the  reinterpretation  of 
many  evolutionary  relationships  at  all  taxonomic  levels 


(13)  . 


Ribotyping  haa  been  applied  to  epidemiological 
situatione.  Environmental  Vibrio  aholerae  strains  in 
Thailand  were  grouped  and  characterized  baaed  on  their 
ribotypo  band  pattern  (3«) , Methods  that  rely  on  phenotypic 
expression  of  the  genome  can  be  affected  by  streaa  placed  on 
the  organism.  In  the  food  industry,  cells  are  often 
stressed  by  processing  or  drying  (117J . 

The  ribotyping  method  of  identification  requires  the 
removal  and  isolation  of  the  bacterial  genome.  This  is 
accomplished  by  perforating  the  cell  wall  to  release  the 
DNA.  After  this  extraction,  the  DNA  is  heated  and  then 
digested  using  a restriction  enzyme.  In  this  research  the 
Dupont  Riboprinter  was  used  which  applies  the  ScoRI 
restriction  enzyme.  The  DNA  fragments  chat  ere  produced 
from  this  digestion  are  electrophoretically  separated  by 
size  and  transferred  to  a membrane  where  they  are  hybridized 
with  a probe  directed  at  the  highly  conserved  DNA  sequence, 
Che  ribosoraal  DNA,  They  are  Chen  Created  to  provide  a 
chemiluminescence  reaction  which  is  detected  by  an  image 
capture  system.  The  DNA  pattern  is  compared  to  a database 
based  on  spatial  relationship  as  well  as  the  signal 
intensity  to  determine  the  relatedness  of  the  species.  The 


image,  or  DNA  fingerprint,  can  be  stored  in  the  database  and 
compared  to  future  isolates  or  to  image  patterns  in  a 
recognition  library  (33).  The  database  for  Che  Riboprincer 
contained  patterns  for  Salmonella,  Listeria,  £.  coli,  and 
Staphylococcus.  It  did  not  contain  a database  for  the 
lactic  acid  bacterial  group. 


All  the  methods  described  above  depend  on  the 
estimation  of  the  similarities  between  pairs  of  things. 
Cluster  analysis  is  the  most  basic  method  for  estimating 
similarities.  In  this  study,  the  organism's  attributes  are 
measured  using  one  of  the  three  identification  methods  and 
the  data  is  entered  into  a data  matrix.  The  data  is  then 
standardized  and  a resemblance  coefficient  is  used  to 
measure  Che  overall  similarity  between  objects.  These 
methods  all  use  a similarity  coefficient  for  Che  raw  data 
which  means  that  Che  larger  the  coefficient.  Che  more 
similar  the  items  being  compared  are.  when  the  numbers  are 
charted  in  a dendrogram,  a dissimilarity  coefficient  called 
Che  Euclidean  distance  is  used.  The  Euclidean  distance 
measures  the  distance  between  two  points  when  they  are 


measured  in  two  dimensional  space.  Euclidean  distance  is 
calculated  using  the  Pythogorean  theorum.  Values  obtained 
are  used  to  create  a map  or  tree  showing  similarity  called 
dendrogram.  Fatty  acid  comparison  relies  on  principal 
component  analysis.  Cluster  analysis  is  used  to  make 
taxonomic  clsssitlcations . The  number  of  classes  for 
taxonomic  purposes  is  arbitrary  and  is  a tradeoff  between 
the  level  of  detail  within  a class  and  the  desire  for 
generality  or  fewer  classes.  Numerical  taxonomists  use 
cluster  analysis  by  cutting  the  tree  into  clusters  which 
become  the  arehetypical  classes  of  a claeeification.  Once 
classes  are  formed,  unknowns  can  be  identified  and 
classified  based  on  their  fit  into  the  class  (88,53) . 


Lactic  acid  bacteria  are  the  primary  contributors  to  a 
variety  of  fermentations  yet  this  group  of  organisms  have 
bean  studied  relatively  infrequently.  Fermentation  often 
increases  shelf-life,  can  increase  vitamin  content,  lend 
favorable  attributes,  as  well  as  increase  digestibility 
(51,54,96).  The  ability  to  control  fermentations  is  one 


challenged 


food  Industry. 


more  infonnation  on  the  role  and  lirattacions  of  the  raw 
product  I to  define  more  closely  those  conditions  which 
contribute  undesirable  or  abnormal  end-product  information; 
and  to  establish  conditions  which  are  optimal  for  the  growth 
of  selective  cultures.  Current  controls  for  monitoring 
fermentations  rely  on  measuring  physical  attributes  such  as 
pH  and  water  activity.  The  challenge  of  effectively 
monitoring  mixed  strains  has  not  been  met  and  therefore, 
direct  monitoring  of  fermentation  cultures  has  not  been 
typically  applied.  In  this  research,  three  methods  to 
characterize  and  identify  lactic  acid  bacteria  were  examined 
and  evaluated  for  their  suitability  to  directly  monitor 
cultures  within  a food  fermentation.  The  three  methods  were 
Che  Biolog  biochemical  teet  kit,  which  reflects  an 
organism's  phenotypic  response  to  environmental  sxdsstrates,- 
the  Microbial  Identification  System  of  fatty  acid  profiling 
which  measures  the  organism's  phenotypic  structure;  and  the 
Dupont  Riboprlnter  method  or  ribotyping,  which  characterizes 
a portion  of  the  bacterial  genome  using  BcoRl  restriction 
enzyme.  The  methode  were  analyzed  for  their  ability  to 
correctly  identify  ATCC  isolates  and  industrial  food 
isolates  as  well  as  their  ability  to  distinguish  betwsen 


acrains.  Cluacer  analyses  of  spoilage  organietns  from 


different  sources  were  performed  in  order  to  learn  more 
about  the  lactic  acid  bacterial  group.  Finally,  a method 
directly  monitor  mixed  cultures  in  two  food  fermentations 
waa  developed. 

A compariaon  study  to  determine  the  optimal  growth 
conditions  and  plating  media  tor  certain  American  Type 
Culture  Collection  (ATCC)  straina  of  lactic  acid  bacteria 


conducted. 
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Bacte-rlal  finMir-^a 

Forty-nine  straine  of  lactic  acid  bacteria,  originating 
from  the  American  Type  CJulture  Collection  (ATCC,  Rockville, 
MD) , and  eighty-twc  Btrains  iaolated  from  Che  food  industry 
were  used  in  this  investigation.  A preliminary 
identification  of  the  industrial  isolates  was  performed 
using  morphology  and  traditional  methods  of  basic 
biochemical  testa. 

The  strains  were  stored  for  long-term  preservation  at 
-80  C in  preservation  broth  as  shown  in  Table  5. 
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The  cultures  to  be  preserved  were  grown  in  fresh  MRS 
broth  overnight  at  25*C  or  until  turbid  growth  was  observed. 
The  MRS  broth  with  bacteria  was  mixed  with  presterilized, 
reconstituted,  nonfat,  dry  milk  and  glycerol  and  placed  in 
Corning  disposable  2 ml  polypropylene  cryogenic  vials 
(Piaher  catalog  number  03-574-SI  and  placed  in  deep  freeze 
storage  {-80^0. 

Table  6 lists  the  ATCC  strains  used  in  this  research. 
The  ATCC  designation  is  shown  in  parentheses  and  the 
reference  number  for  this  work  is  listed  in  Column  2.  Table 
7 lists  the  industrial  isolates  tested  in  these  experiments. 


A comparison  of  plating  media  was  performed  using  the 
lactic  acid  bacterial  strains  obtained  from  the  American 
Type  Culture  Collection.  The  strains  were  resuscitated  and 
transferred  to  10  ml  of  sterile  Tryptlcase  Soy  Broth  (TSB) 
(Difco,  Detroit,  Mil.  The  cultures  were  grown  for  48  hours 
without  shaking  at  25'c.  A Gram  stain  and  catalase  test  was 
performed  on  each  culture  to  verify  the  purity  of  the 
scram.  At  48  hours  an  optical  density  (O.D.l  at  S90  nm 
uaing  a Biolog  Spectrophotometer  Model  21101  was  taken  to 


determine  the  anounc  of  growth.  Uninoculated  TSB  was  used 
as  a blanJc  for  the  O.D..  A cell  density  of  0.05  O.D.  at  590 
nin  was  targeted.  This  O.D.  was  achieved  by  diluting  the 
broth  with  sterile  TSB.  The  dilution  was  plated 
simultaneously  on  Trypticaae  Soy  Agar  (TSA,  Difco)  to 
determine  the  actual  viable  inoculum.  Five  plating  media 
were  used  for  the  comparison.  These  included  APT  agar  . 29 
fructose,  APT  agar  » 2%  sucrose,  MRS  agar  (Oxoid,  Unipath, 
Basingstoke,  England),  YK  agar  (Difco),  and  8IA  agar 
(Biolog).  Tables  a,  9,  and  10  provide  a list  of  ingredients 
for  the  different  placing  media. 

The  places  were  prepoured  and  the  bacterial  suspension 


was  added  to  the  surface  using  a sterile  pipette  and  spread 
using  a sterile  glass  hockey  stick.  Four  places  were 
inoculated  for  each  organism.  All  plates  were  incubated  for 
24  hours  at  25  C.  Two  plates  were  incubated  aerobically  and 
two  in  a CO,  incubator.  Overlays  ware  not  attempted  due  to 
the  requirement  to  harvest  the  cells  for  the  three 


identification  techniques. 


Cells  were  harvested  by  adding  5 ml  of  trypcone  buffer 
to  Che  agar  surface  and  manually  scraping  this  surface  with 
a loop  to  remove  Che  cells.  A sterile  suction  pipette  was 


used  Co  suction  off  the  broth  now  turbid  with  cells.  The 
cells  were  placed  into  a eterlle  tube.  The  optical  density 
was  used  to  measure  the  number  of  calls  Co  provide  an 
indication  of  the  amount  of  growth.  Blanks  were  created  for 
each  type  of  plating  media  by  adding  5 ml  of  sterile 
tryptone  buffer  to  a sterile  plate  and  using  that  liquid  to 
calibrace  the  spectrophotometer. 

Thirty  strains  were  tested  in  the  original  experiment. 
The  procedure  was  repeated  two  more  times  using  10  strains 
in  duplicate  and  the  three  best  performing  media  from  the 
first  experiment,  MRS,  BLA  and  APT  . 2»  fructose.  The  level 
of  inoculum  was  reduced  to  an  O.D.  of  o.Oi. 


The  total  amount  of  growth,  measured  in  absorbance,  for 
each  of  Che  strains  tested  on  each  medium  was  added  together 
to  achieve  a total,  combined,  absorbance  for  each  placing 
medium.  The  means  were  compared  using  a One  Way  Analysis  of 
Variance  to  determine  any  significant  differences  and 
Fisher’s  Least  significant  Difference  test  to  identify  which 


significant. 


confidence  level 


IngradiftQt 


SodiuBi  citrate 


The  pH  is  adjusted  to  S.7  i 0.2  at  25°C.  Two  percent 
fructose  or  2\  glucose  and  brom  creosole  purple  is  added  to 
the  oedium. 


Table  9.  MRS  (DeMan,  Rogosa,  Sharpe)  agar  (76) 


pH  ie  adjuated 


HRS  agar  incubated  aerobically  waa  deemed  Co  be  the 
best  all-purpose  agar,  therefore  HRS  agar  (Oxold  lot  » 
31955337)  was  used  for  the  remainder  of  the  experiments. 


Cells  were  grown  on  MRS  agar  plates  in  pure  culture  t 
provide  sufficient  cell  density  to  perform  the  analysis. 
The  manufacturer's  recommended  plating  media  was  Biolog's 
far,  but  Che  media  comparison  studies 
lactic  acid  bacteria  grew  better  on  th 


determined  Chat 


e incubated  f 


25^C  either  aerobically  or  anaerobically  depending  on  the 
deifianda  of  the  organism. 

Celle  were  harvested  by  applying  2-3  ml  of  the  BIA 
broth  directly  to  the  plate  and  dislodging  the  cells  from 
the  medium  using  a sterile  loop,  h sterile  dropper  was  used 
to  collect  the  harvested  cells  and  they  were  added  to 
approximately  15  ml  of  sterile  BIA  broth.  The  suspension 
was  adjusted  to  an  o.D.  at  590  nm  of  0.50  to  0.70  using  a 
Biolog  Model  21101  spectrophotometer.  The  manufacturer's 
recommended  Inoculum  O.D.  was  D.3B  to  0.92,  but  preliminary 
experiments  and  industry  experience  indicated  that  a higher 

One  hundred  and  fifty  microliters  of  BLfi  broth  and 
cells  were  inoculated  into  each  of  Che  microwells  in  the 
Biolog  plates.  The  plates  contained  96  wells,  each  with  a 
dehydrated  panel  of  nutrient  medium,  a carbon  source,  and 
tetratolium  violet.  Tetraaolium  violet  is  a purple 
formaran,  a redox  dye,  that  turns  purple  when  reduced, 
indicating  use  of  the  carbon  source  provided.  Each  place 
contained  a positive  and  negative  control  well.  The  plates 
were  incubated  at  25°C  for  24  hours.  Four-hour  readings  are 
offered  by  the  manufacturer,  but  were  not  possible  due  to 


slow  growth  of  these  bscteria.  The  plates 


Into  a Biolog  automatic  plate  reader  and  the  resulting 
pattern  was  analyzed  using  the  Biolog  program  software. 
Identifications  were  made  based  on  the  carbon  source 
utilization  profile  using  the  existing  Biolog  database  for 
Gram  positive  organisms.  Each  carbohydrate  utilization 
profile  or  pattern  was  stored  in  a custom  library  for  future 
comparisons.  A dendrogram  of  the  sample  results  was 
generated.  Figure  4 outlines  the  Biolog  identification 
procedure. 


Fatty  flhid  Extraction  for  Identification 


Samples  were  analyzed  using  the  Microbial 
Identification  System  manufacturer's  procedures.  Cells 

aerobic  conditions.  A chart  recorder  was  monitored  to 
ensure  that  the  exact  growth  temperatures  were  met.  The 
amount  of  growth  was  checked  at  24  hours  and,  if  a 
sufficient  quantity  was  present,  it  was  harvested.  If  s 
sufficient  quantity  was  not  present,  the  plates  were 
Incubated  for  an  additional  24  hours.  Cells  were  never 
grown  for  more  than  48  hours.  These  growth  conditions  w 


slog  analyaif 


Btrlccly  adhered  co.  A sterile  spatula  was  used  to  harvest 
the  growth  by  scraping  the  surface  of  the  media.  A minimum 
of  40  pg  of  pure  culture  growth  was  necessary  to  obtain 
results.  This  translated  to  1-2  plates  of  heavy  growth  or  3 
or  more  plates  of  light  growth.  The  cells  were  placed  in 
presterilized  13  x 100  screw  cap  test  Cubes.  The  test  tubes 
were  hand  washed,  rinsed  with  regular  tap  water,  and  Chen 
rinsed  with  distilled,  deionized  water  prior  to  sterilizing. 

One  milliliter  of  1.2  M NaOK  in  50%  aqueous  methanol 
was  added  Co  the  cells  to  saponify  the  lipids.  This  mixture 
was  heated  at  loo'c  for  30  minutes.  The  mixture  was  cooled 
Co  room  temperature  and  2 ml  of  methylating  resgencl325  ml 
of  6 N HCl  and  275  ml  of  methanol)  was  added.  This  was 
heated  for  10  minutes  at  60®C.  Again,  the  mixture  was 
cooled  to  room  temperature  and  1.25  ml  of  the  extraction 
reagent  was  added  (200  ml  of  hexane  and  200  ml  of  methyl 
cer-bucyl  ether) - The  mixtures  were  mixed  with  a specimen 
cube  rotator  (Fisher  catalog  # 13-666-lD)  at  room 
temperature  for  lo  minutes.  The  lower  aqueous  phase  was 
removed  and  discarded  and  3 ml  of  0.3  M NaOH  was  added  to 
clean  the  extract.  The 
5 minutes  at  room  temperature 


continuously  mixed  for 


o£  the  organic  phase  was  transferred  to  a septum  capped  vial 
and  placed  in  a refrigerator  until  analysis  by  gas 
chromatography.  A calibration  standard  and  a negative 
control  were  run  with  each  batch.  The  calibration  standard 
used  was  external  and  contained  a mixture  of  straight-chain 
saturated  fatty  acids  from  9 to  29  carbons  in  length  and 
included  five  hydroxy  acids-  The  hydroxy  acids  are  used  as 
quality  control  checks  for  the  operator  because  they  are 
sensitive  to  pressure  and  temperature  fluctuations  and  also 
any  contamination  that  may  enter  through  the  injection  port 

The  gas  chromatograph  used  was  a Hewlett  Packard  5890 
series  with  a flame  ionisation  detector.  The  injected 
sample  was  volatilized  and  swept  through  the  column  by  the 
carrier  gas  (hydrogen).  The  column  was  a fused  silica 
capillary  column  (2S  m x 0.2  mm)  coated  with  5V  phenyl 
methyl  silicone.  The  column  was  encased  in  a 
thermoregulaced  oven  and  the  temperature  was  increased  from 
no  to  270  c at  Increments  of  5°C  per  minute.  The  column 
was  cleaned  by  heating  to  310°C  for  2 minutes  after 
analysia.  The  flame  ionization  detector  Bends  the 
electronic  signals  produced  by  the  analytes  to  integrators 


chat  amplify  and  proceaa  the  signals.  The  retention  time  of 
the  various  peaks  are  converted  to  chain  length  data  and 
this  data  is  used  Co  make  an  identification.  Samples  with  a 
total  peak  area  of  <e0,00D  or  cBSt  were  repeated. 
Identifications  were  made  using  the  existing  MIDI  fatty  acid 
profile  database  and  Che  profile  information  was  stored  in  a 
custom  library  for  future  comparisons.  A dendrogram  of  Che 
sample  results  was  generated.  Figure  S outlines  Che  faccy 
acid  method. 


Cells  were  grown  on  MRS  places  for  24  - 48  hours  at 
25  C either  aerobically  or  anaerobically  depending  on  Che 
organism.  Two  to  three  colonies  were  harvested  using  a 
stick  or  a loop  and  placed  into  40  pi  of  lysis  buffer  (1  cnM 
Tris-HCl,  20  mH  EDTA  • pH  8) . The  sample  was  then  heated  to 
90  C for  10  minutes  to  neutralise  the  bacteria  and 
intracellular  ensymes  that  may  interfere  with  the  DNA 
digestion.  The  heated  samples  were  cooled,  and  lysoscaphln 
(Sigma  1.7J8S)  and  lysozyme  (or  N-acetylmuramidase)  were 
added  to  the  calls.  The  DUA  was  digested  with  ficoRl 
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gel  elecurophoresie  (0.8%  agarose  gel}.  Each  gel  contained 
thirteen  lanes.  Samples  were  run  in  lanes  3,3,5,6.8.9,11, 
and  13 . Molecular  weight  standards  were  run  in  lanes 

minutes  at  4B-52V  and  8-13  mA.  The  separated  fragmente  were 
immobilised  on  a nylon  membrane  and  denatured  to  separate 
the  double  stranded  DMA  to  single  stranded  so  that  the  probe 
can  attach.  The  membrane  was  t}ien  exposed  to  a probe 
directed  at  a portion  o£  the  DMA  coding  for  the  ribosomal 
RMA.  Specifically,  the  probe  is  directed  at  t}ie  23S,  16S 
and  5S  portions  of  E.  coli  DNA  and  is  6400  base  pairs  in 
siae.  This  probe  was  sulfonated  and  a conjugate  was  added 
which  attached  to  the  sulfonated  probe.  Finally,  a 
substrate  was  added  which  reacts  with  the  conjugated  probe 
to  produce  a chemilumineecent  signal  which  was  captured  by 
the  imaging  capture  system.  This  image  was  used  to  generate 
a picture  of  the  signal.  The  fingerprint  or  riboprint  was 
used  to  make  an  identification.  The  Dupont  equipment  did 
not  have  a database  for  the  lactic  acid  bacteria,  but  the 
ATCC  strains  were  repeated  at  least  three  times  and,  if  Che 


patterns  nvatched  to  a correlation  of  0.93  or  higher,  the 
images  were  averaged  and  the  print  was  stored  in  a database. 
All  images  were  stored  for  future  comparison.  A dendrogram 
was  generated  using  the  computer  assigned  similarity 
coefficients.  Figure  6 outlines  the  riboprinting  process- 

Comparison  of  Method,  fnr  rdsnclfving  ATCC  Strains 

ATCC  samples  of  the  different  strains  were  tested  using 
all  three  methods.  Cells  were  grown  on  MRS  plates  and  the 
same  plate  was  used  for  all  teats  if  possible.  Two  to  three 
colonies  were  picked  and  used  for  ribotyping.  Prom  the 
growth  left,  the  40  ug  necessary  for  the  fatty  acid 
determination  was  taken  using  a sterile  spatula  and  placed 
in  a sterile  screwcap  tube  for  extraction.  Finally,  the 
remaining  growth  was  harvested  by  placing  approximately  5 ml 
of  the  Biolog  broth  directly  on  the  plate-  A sterile 
suction  pipette  was  used  to  suction  oft  the  broth  now  turbid 
with  cells.  The  cells  were  placed  into  a sterile  large 
screwcap  tube  and  diluted  until  the  desired  0.6  to  0.6  0.0. 
at  590  nm  was  achieved.  After  Che  ATCC  strains  were  tested, 
a number  of  industrial  isolates  were  analyzed.  These 
isolates  were  obtained  from  the  cheese,  meat. 


orange  juice, 


Figure  6 , Process  flow  for  RiboprinCer 


beverage,  pet  food,  and  beer  industries- 

Reaulte  were  plotted  on  a dendrogram  to  compare  the 
methode  of  analyaig  in  their  similarity  and  differences , 
Strains  that  appeared  the  same  were  retested  using  two  other 
restriction  enzymes,  Windlll  (sigma  R-1117  Lot  045HOS2)  and 
BamHI  (Sigma  K-0260  Lot  MHOSai). 


The  final  stage  of  this  research  was  to  apply  the 
■best"  method  or  methods  to  the  monitoring  of  a real  food 
fermentation  to  determine  if  it  would  be  a useful  tool  for 
this  purpose.  The  design  of  the  three  methods  requires  that 
all  undergo  an  initial  pre-growth  stage  prior  to  testing. 
This  does  not  meet  the  criteria  of  this  research  which  is  to 
develop  a method  to  quickly  identify  a problem  that  may  be 
occurring  within  a fermentation.  Direct  analysia  of  the 
organisme  within  the  fermentation  may  provide  the  speed 
necessary.  All  three  methode  presented  the  potential  for 
direct  analysie,  but  the  Rlboprinter  waa  chosen  for  reasons 
presented  in  the  discussion  section.  The  Riboprinter  was 
tested  with  mixed  cultures  from  plates  and  broths  to 
determine  ite  ability  to  analyse  these  types  of  samples. 


Two  to  three  strains  were  Inoculated  onto  solid  MRS  agar 
harvested  by  pulling  a loop  through  the  growth.  For  the 
broth  tests,  one  to  three  strains  were  inoculated  into  HF 
broth  and  incubated  24  to  4a  hours  at  24°c.  The  broth  wa 
decanted  to  concentrate  Che  growth  and  an  O.D.  of  1.4  at 
nm  was  used  for  ribotyping.  Two  fermencacions  were  teste 
sausage  and  sauerkraut.  The  sausage  fermentation  was 
performed  using  a starter  culture,  while  the  sauerkraut  w 
a “natural”  fermentation. 


Three  pounds  of  ground  beef  with  a 75! 25  ratio  of  beef 
to  fat  was  obtained.  To  determine  the  background  ribotype 
patterns  of  the  raw  beef,  a 1:5  dilution  was  made  with 
peptone  buffer  and  blended  using  a Tekmar  Model  ST0400 
Stomacher.  Two  milliliter  portions  of  the  peptone  buffer 
were  placed  in  high  speed  microfuge  tubes  and  spun  down  for 
10  minutes  at  7000  x g using  a microfuge  (Fisher  Model  Micro 
V) . The  resulting  pellets  were  combined  and  added  directly 
to  the  sample  buffer  tor  the  Dupont  ribotyping  machine.  The 
experiment  was  repeated  using  a Stomacher  bag  with  filter  to 
remove  large  particulates  such  as  the  fat  in  the  meat 


Manual  Stomaching  was  also  attempted.  Finally,  the 
experiment  was  performed  using  a rinse  of  the  meat.  The 
resulting  pellets  were  combined  and  a loopful  was  added 
directly  to  the  Siboprinter  sample  buffer.  The  pellet  was 
simultaneously  plated  on  SPC  and  MRS  agar  and  incubated 
aerobically  at  2B°c  for  24  hours. 

Three  starter  cultures  were  used  to  inoculate  throe 
separate  sausages . The  cultures  were  grown  in  HRS  broth  at 
2S°C  for  24  hours  until  turbid.  Table  11  lists  the 
formulation  used  for  the  sausages. 


Table  11.  Sausage  formula 


The  starter  cultures  used  were  PedJoeoccus 
acldllactici,  Pedlococcus  peotoeaceus  and  lactotacillus 
plancarum.  They  were  inoculated  at  a level  o£  io* 
organisras/gram  of  meat.  The  sausages  were  Incubated  at 
25“C.  Samples  of  the  sausage  were  taken  every  8 hours  and 
analyzed  by  the  method  as  described  above. 


Raw  cabbage  was  purchased  for  this  experiment.  To 
determine  the  background  patterns  of  Che  raw  cabbage,  a 1:5 
dilution  was  made  with  peptone  buffer  and  blended  using  a 
Tekmar  Model  ST0400  Stomacher.  Eight  aliquots  of  2 ml  of 
Che  peptone  buffer  were  placed  in  high  speed  ultracentrifuge 

ultracentrifuge  (Fisher  Model  Micro  V> . The  resulting 
pellets  were  combined  and  added  directly  to  Che  sample 
buffer  for  the  Dupont  riboprinting  machine.  The  pellet  was 
simultaneously  placed  on  SPC  and  HRS  agar  and  incubated 
aerobically  at  28«C  for  24  hours.  No  starter  culture  was 
added.  The  natural  flora  present  on  the  cabbage  was  used 
for  Che  fermentation.  Salt  was  added  to  Che  cabbage  at  a 
level  of  2.2S%.  The  mixture  waa  divided  into  four  alliquoce 


and  each  waa  placed  in  a glass  jar  with  a weighted  plastic 
cover  CO  prevent  air  from  entering.  The  samples  were 
incubated  at  28®c  and  each  week  an  alliquot  was  analysed  to 
monitor  the  fermentation- 


REStn^TS 


DISCUSSION 


The  lactic  acid  bacterial  strains  were  taken  from  deep 
freeze  (-SO'C)  and  grown  on  MRS  slants.  The  lactic  acid 
bacteria,  as  a group,  were  difficult  to  culture,  and  when 
they  did  grow,  the  speed  and  amount  of  growth  varied  by  the 
species,  when  taken  directly  from  the  deep  freeze,  the 
majority  of  the  atrains  grew  relatively  quickly  (24-72 
hours)  under  aerobic  conditions,  but  after  Che  initial 
culturing  a few  strains  did  not  grow  again  and  many  lost 
their  viability  with  repeated  tranafera.  At  this  point  it 
would  be  an  oversight  to  not  mention  how  difficult  it  was  to 
work  with  these  organisms.  Their  growth  races  differed  from 
day  to  day.  The  original  frozen  cultures  were  suballiquoced 
for  frequent  access  when  Che  working  cultures  lost 
viability.  It  was  also  difficult  to  coordinate  the  timing 
of  the  experiments  and  the  harvesting  required  for  each 
rapid  method  was  difficult  because  the  bacteria  failed  to 
cooperate.  Because  these  identification  techniques 


(particularly  the  fatty  acid  analysia)  required  harvesting 
growth  at  specific  stages,  culturing  became  a significant 
portion  of  the  work  for  this  thesis.  In  addition,  since  the 
amount  of  cellular  material  affected  test  result  for  the 
Biolog  and  fatty  acid  analysis,  slow  growing  organisms  were 
particularly  challenging. 

Table  12  reports  the  visual  appearances  of  the  ATCC 
strains.  Each  culture  was  stained  and  the  morphology 
recorded-  All  the  cultures  were  Gram  positive  and  catalase 
negative.  Fresh  cultures  stained  well  and  were  easily 
identified  as  Gram  positive.  Some  cultures  greater  than  72 
hours  old  appeared  Gram  variable- 

A great  deal  of  morphological  diversity  was  noted 
within  the  lactic  acid  bacterial  group.  Sometimes 
morphological  differences  can  be  attributed  to  the  effect  of 
the  growth  conditione,  however,  the  diversity  noted  with 
these  organisms  was  consistent  during  repeated  tranafors- 
To  visually  portray  these  morphological  differences, 
pictures  of  different  members  of  this  bacterial  group  were 
taken.  These  are  included  in  Figures  7-13.  All  oulturee 
shown  were  grown  for  4B  hours  at  2b‘’c  on  HRS  agar  and  were 
harvested  in  the  logarithmic  stage  of  growth- 


Table 


Figure  7.  Hedium  Oram  positive  rods  - hrevis  (CL104) 
(xlOOO) 


Figure  a.  tiong  thin  Gran  positive  rods  - L.  easel 
(xlOOOl 


(CLIJI) 


Figure  11.  Small  Oran  positive  cocci  - P.  acldllactioi 
(UFIS)  (xiaac) 


Figure  12.  Irregular  Gram  positive  cocci  - L.  clcreum 
493'’0)  1x1000) 


Figure  13-  Small  Gran  positive  coeei  in  chains  - 
L.  messnteroides  (ATCC  19354)  (xlOOD) 


The  results  of  the  initial  screening  of  the  five 
plating  media  are  shown  in  Table  13 . Results  are  reported 
as  the  optical  density  at  590  ran  of  the  growth  harvested 
from  Che  different  plating  media.  These  results  are  also 
shown  graphically  in  Figure  14  {the  total  of  Che  optical 
densities  for  all  strains  was  used  for  graphical  purposes). 

A One  Way  Analysis  of  Variance  was  used  to  determine 
chat  there  was  a significant  difference  between  Che  plating 
media  using  a confidence  level  of  O.OS,  Fisher's  Least 
Significant  Difference  teat  indicated  chiac  APT  with  sucrose, 
APT  with  fructose,  and  TM  agar  were  significantly  different 
from  deMenn,  Rogosa  and  Sharpe  (KRS)  and  Biolog  Lactic  Acid 
(BLA)  agara.  MRS  provided  the  greateet  overall  cellular 
quantity.  The  Biolog  Lactic  Acid  medium  also  performed 
well . The  Yeast  and  Mold  (YM)  agar  was  least  successful . 

The  experiment  was  repeated  two  more  times  on  two  different 
days  to  verify  the  reaults.  However,  for  the  second  set  of 
experiments,  ten  lactic  acid  bacterial  strains  were  selected 
and  only  MRS,  5LA  and  APT  with  2%  fructose  (the  three  media 
with  the  greatest  total  O.D.  at  590  nm)  were  used. 


Table  13.  Placing  media  comparieon:  Initial  acreening 


Once  again.  HRS  agar  produced  Che  greaceat  total 
cellular  quantity  however,  Fieher'a  Least  Significant  test 
showed  chat  there  was  no  significant  difference  between  Che 
HRS  and  Che  BLA  agars  based  on  the  results  to  these 


experimentB,  The  APT  agar  with  sucrose 
lower.  The  HRS  agar  was  selected  for  use  in  cl 
experiments  since  it  is  applicable  to  all  chret 
identification  techniques  and  it  is  a commonly 


significantly 


for  lactic  acid  bacteria  throughout  the  industry-  It  is 
marketed  as  a commercial  formula  and  can  be  obtained  from 
Oxoid  with  relative  ease. 


The  performance  of  the  different  identification 
techniques  was  evaluated  using  ATCC  versions  of  strains  that 
are  listed  in  the  database  of  the  individual  test. 
Evaluations  of  all  strains  on  each  test  were  not  possible 
duo  to  Che  variations  of  the  organisms  and  their 
applicability  to  each  test.  An  attempt  was  made  to  evaluate 
as  many  as  possible  for  comparison  purposes. 

Table  15  lists  the  strains  Chat  were  used  to  evaluate 


the  performance  of  the  aiolog 


by  all 


Biolog  nianufaccurers 


and  are  only  chose  species  chat  Che 
claim  can  be  identified  by  their  test.  Table  16  provides 
Che  percenC  of  eorreoc  responses  for  those  organisms  tested. 

These  results  show  chat  25  species  «7.2»)  were 
incorrectly  identified,  meaning  that  the  ATCC  derived 
designation  was  not  Che  first  choice  when  using  the  Biolog, 
For  10  of  the  incorrectly  identified  strains,  the  genua 
idenclficaclon  was  correct.  For  5 of  these  incorrect 
strains,  correct  identification  was  given  as  one  of  the  top 
three  choices.  For  the  ocher  20  strains,  the  correct 
designator  was  not  listed  among  any  of  the  choices.  The 
Biolog  did  not  identify  12  (22.6»1  of  the  strains.  It  was 
interesting  to  note  that  2 samples  gave  Che  correct 
identification  after  72  hours  of  incubation. 


Table  16-  Correct  responses  for  Biolog  identifications  o 


Subspecies  id 


correctly 


The  Biolog  procedure  was  easily  executable  once  growth 
on  solid  plating  media  was  obtained-  Results  are  calculated 
based  on  Che  reactions  in  the  multiwell  plate-  These 
reactions  are  converted  to  a number  based  on  the  well 
reaocion-  This  number  is  then  used  to  best  fit  Che  strain 
being  tested  into  a category  or  group  Chat  reacts  similarly- 
One  problem  la  chat  Che  variation  or  prevalence  of  a strain 
based  on  environmental  conditions  of  the  isolate  may  be 
missed  (9)-  One  author  lio)  recommends  the  application  of 
Bayesian  analysis  to  make  a final  determination-  This 
author  agrees  that  the  usefulness  of  this  tool  is  grsat  when 
applied  with  background  information  and  knowledge  of  the 
sample-  For  example,  the  Biolog  program  has  a media 
selection  key.  If  the  type  of  medium  is  changed  on  Che 
menu,  the  identification  may  be  different  even  chough  che 
reactions  are  Identical,  This  illuecrates  the  need  for  an 
educated  user  and  concurrent  testing  to  determine  che 
correct  claaeificacion  into  which  che  organiem  bolonge. 
ocher  consideratione  are  chat  the  Biolog  requires  a large 
cell  quantity  of  a pure  culture  and  incubation  of  che  places 
for  lactic  acid  bacteria  is  24  hours  minimum.  The  condition 


growth  media  may  affect 


reactions  in  the  plate  and,  finally,  slow  growing  organisms 
were  difficult  to  analyze  in  both  the  harvesting  stage  and 
in  the  microwell  plate.  Slow  growers  will  give  false 
negative  reactions-  In  numerous  instances  4B  to  72  hour 
results  provided  better  information.  For  the  purposes  of 
these  erperiments,  the  amount  of  cellular  material 
inoculated  into  the  plates  was  increased  from  the 
manufacturer’s  suggested  O.D.  {0.40)  to  0.6  to  0 7 in  an 
atcempt  to  overcome  the  issue  of  slow  growing  organisms. 


Fatty  Acid  AnalvalB 


Table  17  lists  the  strains  that  were  used  to  evaluate 
the  Microbial  Identification  System  that  usee  fatty  acid 
analysis  as  a moans  of  identifying  the  organisms.  Again, 
these  were  ATCC  strains  and  are  only  the  species  that  the 
MIDI  manufacturers  claim  can  be  identified  by  their  test. 
Table  10  provides  the  percent  of  correct  responses  for  those 
organisms  tested. 

The  results  show  chat  22  strains  (73.3V)  were 
incorrectly  identified,  meaning  chat  the  ATCC  derived 
designation  was  not  Che  first  choice  when  using  the  MIDI 
system.  Of  the  22  strains  that  were  Incorrect,  21  (70V)  of 


tested  by 


Lsctobecdllus  biferaajitus’ 
LeeCobeciiiue  easel  ms  easel 


Iractobaciliue  eenfueua 


^acCobaclJlus 
Pedlocoecus  pasCosaceus 


. pseudottasepceroides 


obaelJJos  farejjplnua 
taetobaciJJus  plascarua 


Padloeoecus  acldilactlci  f 
paraHiesentexoides 


Strains  in  bold  were  tested  by  all  identification  methods 
The  number  in  parentheses  indicates  if  more  than  one  ATCC 
strain  was  tested  for  chat  species. 


- Correct  identifications  by  K 


28  total  samples 

One  strain  was  designated  c 

identified  as  such. 


subspecies  and  w 


the  Btraina  were  crarrectly  Identified  to  the  genua  only. 

The  Microbial  Identification  Syetem  waa  xmable  to  identify  3 
(10*)  strains  and  produced  a -no  match"  result  for  these. 


Intereatingly.  in  the  case  of  the  Leuconoatoc  speciea,  h. 
pseudomesenteroides  and  L.  paramesenteroides  were  identified 
in  reverse.  Likewise.  Lactobacillus  paracasai  was 


Identified  as  Lactobacillus  casei. 

The  extraction  procedure  for  the  fatty  acid  analysis 
has  been  reduced  to  a single  tube  extraction  which  is  not 
difficult,  but  it  is  lengthier  chan  the  sample  preparation 
for  the  ocher  methods  (104).  Because  it  involves,  first,  a 
reaction  with  methanol  in  the  presence  of  an  acid  catalyst 
to  form  the  methyl  ester  and,  then,  an  extraction  with 
timely  steps,  it  is  impractical  to  devote  cliat  tine  to  a 
small  number  of  samples  and  laborious  to  do  too  many  at  once 
(118).  Twelve  samples  at  a time  was  manageable  in  this 
author's  perspective.  Some  work  to  automate  the  sample 
preparation  has  been  published,  but  is  not  widely  applied 
(49).  The  cells  must  be  completely  saponified  in  a boiling 
water  bath  and  the  time  and  temperature  during  methylation 
are  critical,  for  some  strains  of  lactic  acid  bacteria. 


obtaining  the  quantity  of  cells  necessary  for  harvesting 


difficult. 

It  the  analysis  of  cellular  fatty  acids  is  the  itain 
technique  for  identification,  great  care  must  be  placed  to 
control  the  variables  such  as  culture  media  and  temperature 
as  well  as  time  of  incubation.  This  is  essential  especially 
when  cultures  are  to  be  differentiated  at  the  species  or 
subspecies  level.  For  qualitative  results,  tight  control  is 
not  as  necessary  because  many  of  the  major  fatty  acid 
components  tend  not  to  vary,  juat  their  relative  amounts. 
There  exists  a great  deal  of  literature  diacuaaing  the 
analysia  of  bacteria  using  fatty  acid  profiling.  Advances 
in  chromatographic  techniques  have  allowed  this  technique  to 
become  more  accurate.  For  example,  the  use  of  a fused 
silica  capillary  column  provides  the  opportxinity  to 
distinguish  between  iso  and  anteleo  laomsrs  of  the  same 
carbon  length  and  also  allows  the  resolution  of  hydroxy 
derivatives  (111).  However,  the  literature  varies  with 
respect  to  the  performance  of  this  method. 

One  report  discussing  the  use  of  fatty  acid  analysis 
for  Che  identification  of  Staphylococci  noted  chat  species 
of  these  organisms  could  be  distinguished  only  by  the  use  of 


cluster  analysis.  In  the  analysis  o£  non-fermenting  Gram 
negative  bacteria,  qualitative  analysis  of  the  fatty  acids 
was  used  as  an  additional  method  for  species  differentiation 
and  in  some  cases  as  a method  for  routine  identification 
(111) . Similarly,  qualitative  data  was  used  to  group 
clinical  strains  of  Pseudomonas  cepacia  for  epidemiological 
purposes  (€9) . 

Bimbaum  et  al-  (12)  used  the  MIDI  to  compare 
Staphylococcus  iaolates  from  clinical  sources  and  found  chat 
It  could  be  useful  as  a screening  tool  for  epidemiologic 
purposes,  although,  in  one  instance,  it  failed  to  correctly 
cluster  a group  of  isolates  that  were  identical  using  whole 
plasmid  analysis  and  several  analyses  of  chromosomal  DHA. 
This  suggests  that  the  fatty  acid  method  may  not  be  as 
definitive  as  genetic  methods.  The  use  of  cellular  fatty 
acid  analysis  has  proven  useful  in  distinguishing 
streptococci  which  possess  C while  members  of 

enterococcus,  Pediococcus.  Aerococcus,  and  luictococeus  do 
not.  In  general,  the  use  of  fatty  acid  analysis  as  a highly 
discriminatory  Cool  for  typing  was  not  recommended  by  these 
authors  (115).  In  a study  Chat  compared  Che  Microbial 
Identification  System  to  conventional  methods  to  identify 


Srain  negative  anaerobic  bacilli,  93. 3t  of  Che  samples  were 
correctly  idencified  to  the  genus  level  but  only  61.2%  to 
Che  species  level  (104).  WauChos  ec  al.  (114)  recommended 
incubating  the  cultures  Cor  48  hours  to  allow  them  to  reach 
the  stationary  phase  where  the  Catty  acid  profile  is  rather 
stable.  They  also  found  that  reproducibility  of  the 
extraction  procedure  was  )oeat  for  organisms  with  hydroxy  and 
cyclic  tatty  acids.  Lactobacillus  plancarum  lias  a high 
cyclic  fatty  acid  proportion  which  may  account  for  the  fact 
that  in  this  research,  it  was  the  moet  reproducible  test 
organism.  It's  relatively  quic)t  growth  race  may  be  another 
factor.  These  researchers  (114)  also  demonstrated  chat 
there  may  be  differences  for  one  particular  fatty  acid 
within  strains  of  the  same  species.  For  Lactobacillus 
plantanioi,  they  calculated  differences  of  11.52%  in  palmitic 
acid  within  the  same  specie.  This  type  of  trend  was  also 
discovered  within  species  of  ocher  genera  euch  as 
staphylococcus  and  SacllJus.  Another  factor  that  affected 
results  was  the  physiological  age  of  the  culture  rather  chan 
the  incubation  time  alone.  Furthermore,  growth  conditions 
played  an  important  role  in  explaining  differences  in  fatty 
acid  profiles.  Differences  In  the  fatty  acid  profiles  for 


scaphylococcus  apidennidis  after  24  hours  of  growth  were 
found  to  he  caused  by  the  presence  of  fermentable  augare  in 
the  media  that  caused  biphaalc  growth  conditions  and  natural 
kinetic  differences  within  species,  since  the  lactic  acid 
bacterial  group  ferment  available  sugars  to  produce  lactic 
acid,  they  may  not  be  an  optimal  group  for  the  application 
of  this  technique.  Growth  temperature  too,  affected 
results-  As  a result,  Mauthor  et  al.  (114)  recommended  that 
cultures  be  grown  at  or  below  optimum.  Different  strains  of 
the  species  Lactococcus  lactis  could  not  be  distinguished  at 
30  C.  but  if  grown  above  the  optimum  (at  37°C) , two  distinct 
profiles  were  observed.  Sensitivity  was  limited  to  the 
species  level  and,  in  addition,  the  profile  -seldom  appeared 
to  be  specific  to  a single  species"  (114:1238).  They 
reported  best  success  with  this  method  with  fiaciJlus  strains 
where  typing  is  based  on  the  presence  or  absence  of 
particular  fatty  acids  as  opposed  to  relative  proportions. 
When  growth  conditions  with  Bacillus  were  altered,  the 
strain  clustering  did  not  change  significantly.  Gilarova  et 
al.  (40)  reported  that  a lower  than  optimal  cultivation 
temperature  resulted  in  lower  production  of  lactolaclllic 
acid  (eye  Cj,,,)  and  a lower  growth  rate.  These  authors 


ceaced  a number  of  cultivation  conditiona  on  two  species  of 
lactic  acid  bacteria,  Lactobacillus  saJes  and  LactCEbacillus 
pentoaus.  Decreasing  pH  was  fcund  to  increase  the 
cyclopropyl  content  (eye  and  increased  salt 

concentration  increased  the  ratio  of  saturated  to 
unsaturated  acids-  Again,  this  supports  the  theory  that  the 
acids  generated  during  fermentation  may  affect  the 
identification. 

Wauthos  et  al.  (114)  reported  that  their  lactic  acid 
bacteria  clustering  data  was  in  good  agreement  with  other 
‘^Iseeif ication  methods  such  as  DNA  base  composition,  DNA 
reassociation,  and  fermentation  profiles  using  API  strips. 
They  suggested  that  the  proper  use  of  fatty  acid 
identification  lor  lacties  be  as  a tool  to  confirm  the 
results  of  other  methods.  They  did  conclude,  however,  that 
the  test  was  useful  for  lacties  because  there  are  few 
alternatives  for  easy  identification  of  lacties,  unlike  more 
clinically  predominant  species  such  as  Staphylococcus  and 
Salmonella.  Por  these  two  genera,  they  found  the  test 
useless.  Their  general  conclusion  was  that  GC  analysis  of 
fatty  acid  composition  is  not  currently  specific  to  a single 
species.  Taxonomic  conclusions  based  on  thie  analysis  alone 


may  act  be  claimed.  The  method  of  characterization  by  fatty 
acid  profile  ahould  be  uaed  as  a complement  to  other 
taxonomic  criteria  in  a scheme  of  polyphasic  identification. 
Oilarova  et  al.  UO)  concluded  that  it  was  difficult  to 
discern  between  inherent  properties  of  a cell  and  those 
properties  that  were  caused  by  Che  effects  of  cultivation  or 
previous  cell  history.  They  determined  standardization  to 
be  the  main  problem  and  this  did  not  allow  Che  comparison  of 
results  between  laboratories. 


The  performance  of  the  Riboprincer  was  baaed  on  the 
analysis  of  ATCC  strains,  but  at  Che  time  of  this  research 
there  was  no  developed  database  for  the  lactic  acid 
bacterial  group.  The  database  was  generated  by  analyzing 
known  ATCC  strains  and  when  two  patterns  matched  Co  a 
correlation  of  0.93  or  better  the  pattern  waa  named  for  the 
organism.  For  Che  purpose  of  analysis,  a match  of  0.80  or 
higher  was  deemed  acceptable  for  genus  and  speciea  and  0,70 
CO  0.80  was  deemed  acceptable  for  genus  only.  Table  19 
Usee  the  ATCC  seraina  used  for  the  evaluation  and  Table  20 


shows  Che  results. 


Ribopi 


Subepacies  Id 


These  results  show  that  2S  (25. 5»)  were  Incorrectly 
identified  meaning  chat  they  did  not  match  the  ATCC  derived 
pattern  group  when  compared  to  the  database.  For  eight  of 
the  unidentified  strains,  Che  genus  identification  was 
correct.  For  another  eight  of  Che  unidentified,  incomplete 
digestion  of  the  DMA  was  Che  reason  for  the  lack  of 
identification.  For  four,  overloading  of  the  gel  was  the 
reason,  and  for  two,  cellular  endonuclease  activity  within 
the  cell  caused  extra  bands.  This  may  often  be  seen  in 
older  cultures.  It  was  Incerescing  to  note  that  all  of  the 
strains  that  did  not  match  were  visually  similar  to  the 
pattern  group.  Finally,  34  (33.3%>  of  the  samples  matched 
at  0.S3  or  higher  which  is  considered  the  same  clonal  group. 

Factors  chat  affected  the  results  of  the  riboprinting 
included  overdosing  of  the  gel.  Overdosing  resulted  in  the 
presence  of  many  bands  that  were  not  seen  with  optimal  DHA 
levels.  These  extra  bands  resulted  in  the  creation  of  a new 


pattern  group  rather  than  being  Identified  correctly.  Thie 
highlighted  a weakness  in  the  computer  analysis  of  the 
patterns.  Specific  bands  are  not  weighted  according  to 
genus  and  species,  therefore,  environmental  isolates  chat 
have  alight  genetic  differences,  but  are  clearly  Che  same 
genus  and,  possibly,  the  same  species  are  not  identified  as 
such.  Figure  16  provides  an  example  of  overloading  of  the 
gel  for  Laccobaciilue  pl&ntarum. 

Another  factor  that  led  to  poor  results  was  the  use  of 
cultures  in  Che  lace  lag  phase  chat  had  already  begun  to 
aucodigest,  forming  many  smaller  bands  not  present  in 
healthy  cellular  DMA.  Figure  17  shows  extreme  examplee  of 
autodigestion  in  an  older  cultures  of  L.  murines  and  p, 
psncosaceous.  Finally,  incomplete  digestion  continued  to  be 
Che  major  source  of  poor  results.  Figure  la  shows  an 
exao^le  of  incomplete  digestion  of  Lactobacillus  amylovorus 
when  compared  to  a complete  digestion  of  the  same  strain. 
Even  chough  the  patterns  did  not  meet  the  criteria  for  a 
match,  it  ia  easy  to  see  chat  Che  band  paccems  are  very 


similar. 
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Figure  17-  Stationary  phase  culture  patterns  (from  top  to 

bottom)  of  LsctobacilUis  mirlnue  versus  log  phase 
(46  houre)  and  P«diococcua  pencosaceus  versus 
log  phase 


i 


Figure  19  gives  an  example  of  ntacching  patterns  to 
illustrate  the  repeatability  of  the  test.  Figure  20  shows 
the  computer  generated  Image  of  the  gel.  This  allows  the 
researcher  to  measure  the  bands  against  the  molecular  weight 
markers  or  compare  them  visually  if  necessary. 

During  initial  experiments,  lysis  of  Che  lactic  acid 
bacteria  was  not  successful.  It  was  found  that  the  addition 
of  N-acetylmuramidaae  facilitated  the  lysis  (521.  Since 
this  research,  spermine  has  been  added  to  the  protocol  to 
enhance  the  performance  of  these  samples  by  aiding  in  the 


precipitation 


analysis  and  ribocyping. 


Siolog 


Relative  Euclidean  Distance 


Figure  22.  MIDI  fatty  acid  results  Cor  Leuconoscoc  spp. 


Relative  Euclidean  Distance 


Ribotyping  results 


Deuconostoc  spp. 


Leuconoscoc  meaenceroideB  (4001)  and  Leuconoetoc 
parameasnceroidea  (6BB)  clusberad  very  clghcly  in  che 
ribotyping  dendrogram,  but  did  not  in  the  Biolog. 

LeuconoBCoc  pseudoinessnCeroidee  U29B)  was  not  cluetersd 
closely  by  ribotyping,  but  showed  closer  aaeociation  to  the 
ocher  strains  using  Biolog  and  fatty  acid  analysis.  This 
illustrates  the  differences  between  organisms  when  the 
analysis  is  biochemical  versus  genetic.  See  the  appendix 
for  the  actual  patterns  for  comparison.  Figures  34,  25,  and 
2B  show  the  dendrograms  for  the  analysis  of  Pediococcus  spp, 
using  the  Biolog,  Microbial  Identification  System  for  fatty 
acid,  and  the  Riboprincer  for  ribotyping,  respectively. 


Relative  Euclidean  Distance 


i.  Biolog  results  for  Pediococcus  spp. 


Relative  Euclidean  Distance 


Figure  2S.  MIDI  fatty  acid  results  for  Pediococcue  app. 
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. Riboprinter  ribotyping  results  for  Pedlococeus 


Figure 


It  is  Interesting  to  note,  in  all  three  analyses, 
Pedlococeus  acidilactici  (strain  627)  did  not  cluster 
closely  to  any  strains  even  though  strains  43D2  and  628  are 
also  p.  acidllactici  strains.  This  suggests  that  the 
strains  are  not  as  closely  related  as  their  names  suggest. 

The  Biolog  method  for  identifying  members  of  the  genus 
Leucottoetoc  makes  the  identification  with  only  a small 
percentage  of  the  total  wells  reacting.  The  ribotyping 
results  for  many  of  the  LeuconosCoc  species  has  few  bands 
relative  to  most  members  of  the  genus  I,actobacllJus  and  some 
of  the  Pedlococeus  species.  This  information  is  important 
to  note  when  applying  these  methods  Co  unknown  strain 
characterisation. 

Figures  27,  28  and  29  provide  the  results  for  the 
analyses  of  the  Lactobacillus  straine.  The  results  varied 
from  test  method  to  test  method  for  these  organisms.  Some 
general  trends  were  apparent  though.  L.  easel  ss  rbaranosue 
(620)  and  L.  pentosus  (7372)  clustered  closely  with  fatty 
acid  analysis  and  ribotyping.  but  not  with  Biolog,  Both  L. 
plancamms  (625  and  7373)  clustered  closely  on  all  three 
methods.  L.  con/usus  (7355)  did  not  cluster  closely  by  any 
method.  Strains  highlighted  in  bold  are  common  to  all  three 


procedures , 


7372 


I.  Ribocypir 


Table  21  shows  the  results  from  the  traditional  testing 
and,  in  some  cases,  preliminary  identifications  of  the 
industrial  Isolates.  Table  22  shows  the  results  of  the 
industrial  strain  isolates  using  the  three  methods  of 
identification. 

In  Table  22,  if  an  isolate  is  listed  in  parentheses, 
the  organism  tested  by  ribotyping  matched  the  organism  in 
parentheses  identically,  but  failed  to  match  any  in  the 
database.  *Not  tested"  indicates  strains  that  were  not  run 


on  that  test  for  a variety  of  reasons  Including  equipment 
failure,  duplication  by  other  samples,  loss  of  strain,  and 
inadequate  growth.  ”No  results'  indicates  samples  that  were 
attempted,  but  repeatable  results  were  not  obtained. 
Typically  these  eamplee  failed  to  identify  to  the  genua 
level  consistently  or  gave  insufficient  results.  For  Biolog 
this  was  usually  no  reaction  in  the  wells  or,  for 
ribotyping,  no  band  pattern  could  be  seen. 

Not  all  isolates  were  tested  by  the  Microbial 
Identification  System,  since  the  performance  of  the  MIDI 
had  not  been  optimal  with  the  ATCC  strains,  a decision  was 


all  the  industrial  strains  by  this  method. 


Table  22  . Results 


identif icacions  of  induetrial 


The  orange  juice  cultures  identified  as  L.  mali  and  L. 
bifermsiiCaJiB  in  Table  22  were  often  only  identified  to  genus 
at  24  hours.  However,  at  4S  hours,  the  "closest  species" 
designation  given  at  24  hours  would  become  the 
identifioation.  Often,  if  additional  readings  were  taJcen, 
Che  identification  tended  to  interchange  between  L.  mali  and 
i.  biferaentans,  or  the  reverse.  Therefore,  it  appeared 
that  the  unknown  cultures  were  all  the  same  organism,  but  it 
was  not  an  organism  that  was  providing  a positive 
identification  on  Che  Biolog.  The  riboprinting  results  all 
presented  Che  identical  pattern  for  these  strains  which 
supported  this  theory.  Because  all  the  ribotyping  patterns 
were  the  same,  not  all  Che  cultures  were  run  on  the  Biolog 

Organisms  chat  had  no  results  were  ones  that  had  been 
run  on  Che  method,  but  teat  results  were  not  obtained.  In 
the  case  of  Biolog,  insufficient  number  of  wells  with  a 
reaction  was  a common  reason  for  no  identification.  In  the 
case  of  Che  fatty  acid  profile,  Che  quantity  of  cellular 
material  was  too  low,  in  many  cases,  to  give  a reading. 

Figure  3D  shows  the  results  of  the  dairy  isolate  KB494 
when  compared  to  ATCC  strain  I,actobacillus  caeei  ss 
rhamnosus  (€20).  This  is  presented  to  illustrate  the  slight 


differences  that  were  seen  when  analysing  Che  induecrial 
isolates  versus  the  ATCC  strains.  These  slight  differences 
can  he  noted  by  genetic  analysis  thus  illustrating  its  power 
of  discrimination  and  its  application  to  epidemiological 
studies,  but  at  the  same  time,  demonstrating  the  need  for 
careful  analysis  of  results  to  recognize  closely  related 


Figure  10.  balry  isolate 
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Figures  31,  32,  and  33  provide  the  dendrograms  for  the 
industrial  strains  in  relation  to  the  ATCC  strains  for  the 
Biolog.  fatty  acid  analysis,  and  ribotyping,  respectively. 
Samples  in  bold  indicate  those  samples  tested  by  all  three 
methods. 

In  Figure  31,  although  many  of  the  orange  juice 
isolates  gave  the  same  identification  using  Che  Biolog,  and 
clustered  closely  in  this  analysis,  they  did  not  cluster 
together  as  tightly  as  they  did  in  the  ribotyping 
dendrogram.  Also  in  the  Biolog  analysis,  Leuconostoc 
pseudomesenCeroides  (4296)  clustered  more  closely  with 
members  of  the  genus  Pediococcus  (712  and  4302)  than  with 
other  Leuconostoc  species. 

There  were  a number  of  differences  between  the 
dendrograms  for  the  three  met)iods.  The  Biolog  results 
clustered  dairy  isolate  KA4B6  closely  with  P.  dextrinicus 
while  the  ribotyping  grouped  this  isolate  with  the 
lactococcal  isolates.  It  is  important  to  note  c)iat  in  both 
cases,  these  strains  were  distinguished  from  members  of  the 
lactobacilli  thus  suggesting  that  they  do  belong  in  a 
different  genus.  However,  there  was  some  overlap  between 
Che  Leuconostoc  and  PediococeuB  genera  which  indicates  chat 
members  of  these  groups  may  be  more  closely  related  to 
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species  outside  thier  genus  than  species  within. 

In  Che  ribotype  dendrogram,  samples  CL121,  CLlOl,  and 
CLllS  clustered  together  however,  by  Biolog  CLlOl  and  CLllS 
clustered  together,  but  not  with  CL121.  There  were 
similarities  among  these  two  tests  also.  The  Lactobacillus 
plancarum  strains  62S  and  7373  clustered  in  Che  same  group 
which  included  CL127  and  UF33.  The  fatty  acid  dendrogram 
did  not  cluster  625  and  7372  closely  although  the 
identification  was  correct.  Fatty  acid  analysis  clustered 
bakery  samples  BAK14  and  BAK19  with  L.  pJanCarwi  and  close 
Co  BAK5.  These  same  results  were  seen  in  the  ribotype 
grouping . 

The  method  of  identification  did  affect  Che  results  of 
the  cluster  analysis  with  some  strains  clustering  closely 
when  analyzed  by  one  method  and  not  closely  when  analyzed  by 
another.  There  was  overlap  between  members  of  different 
genera  and  Che  most  overlap  occurred  between  members  of  the 
non-lactobacilli  species.  Although  there  was  overlap 
between  clusters  of  genera,  there  did  appear  to  be  adequate 
differentiation  between  atrains. 

For  the  ribocyping.  ueing  the  ficoRI  reeCriction  enzyme 
wae  succeeeful  for  most  organisms,  but  there  were  some  large 


groups  of  isolates  with 


distinction  (specifically 


orange  juice  isolates).  This  raised  the  question  of  whether 
these  organisms  were  the  same  clonal  strain  or  if  the 
restriction  ensyme  could  not  differentiate  between  the 
strains.  The  literature  was  reviewed  to  determine  which 
other  restriction  enzymes  might  provide  more  discrimination. 

Other  restriction  enzymes  have  been  tested  for  members 
of  the  lactic  acid  bacterial  group  and,  in  one  instance, 
specifically  for  the  Leuconostoc  genus  (Si)  . Hae  III 
fragments  were  used  to  identify  members  of  l,euconosCoc  and 
the  authors  were  able  to  distinguish  between  members  of  the 
genera  Leuconoatoc  and  Lactobacillus,  but  were  not 
successful  in  epidemiological  applications  to  the 
Leuconoscoc  species  alone,  Similar  results  were  generated 
in  thie  research.  Pedlococcus  and  Leuconoscoc  Riboprint 
band  patterns  generally  had  leas  bands  than  those  of  the 
Lactobacillus.  This  meant  that  there  was  less  opportunity 


for  distinction.  See  Che  appendix  for  the  patterns.  Baloga 
and  Harlander  (7)  reported  the  moat  discriminating  enzyme 
for  ribotyping  Liaceria  speciee  was  BeoRl  when  compared  to 
fiindlll  and  Haem.  They  also  reported  success  with  EcoRl 
for  digestion  of  Laacoeoccua  laceia  ss  lactis.  Rodcong  and 


Tannodc  (67),  in  an  evaluation  of  ribotyping  for 
Lactobacillus,  screened  16  restriction  endonucleases  for 
their  ability  to  digest.  These  restriction  ensymes  included 
Apal,  Sanai,  Sell,  Sglll,  Clal,  ScoRl,  Hlodlll,  Hpal,  Kpnl, 
Nael,  PBtl,  PvuH,  Sad,  Sail,  S«al  and  Miol,  sell,  BjlII, 
ScoRI,  and  Hlndlll  were  selected  for  their  study  based  on 
the  screening  results  and  it  was  concluded  that  ScoRI  and 
Hindlll  were  sufficient  to  characterize  each  of  the  strains 
tested.  They  recommended  the  use  of  more  than  one  enzyme  to 
make  an  identification  and  recommended  ScoRl  and  Hindlll 
because  they  have  very  different  recognition  seguences, 
G/AATTC  and  A/ASCTT,  respectively.  In  another  report  using 
ribotyping  as  a method  of  distinguishing  lactococci,  four 
restriction  enzymes  were  compared.  These  included  Pvull, 
Bad.  EcoRI  and  Hindlll.  Hindlll  generated  between  four  and 
13  fragments  and  EcoRI  produced  less,  four  to  six.  These 
two  enzymes  were  determined  to  be  the  moat  useful.  A report 
examining  laccobacJJlus  strains  in  pigs  used  BcoRl,  Hindlll, 
and  PsCI  to  digest  the  DNA  (551 . In  another  report,  authors 
evaluating  strains  of  Lactobacillus  hilgardii  and 
Lactobacillus  brevis  used  BcoRI,  BamHl,  Hindlll,  and  Psci. 
The  probe  they  used  was  the  16S  and  23S  rRNA  from 


Escherichia  coll.  They  were  sueceestul  In  riboeyping  all 
but  two  of  the  strains  tested  (591 . Baaed  on  this 
information,  selected  strains  of  the  orange  juice  isolates 
were  tested  using  BamHI  and  Hindlll.  The  Sastfll  recognition 
eeguence  is  G/GATCC.  The  resulting  patterns  generated  with 
Hindu  had  more  bands  than  BcoRl  (eleven  to  sixteen  rather 
than  eight),  but  the  patterns  were  similar  for  t)ie  isolates 
tested  (UP66,  UP26,  UF16,  0P24,  OF20,  UP23) . The 
I,actobaeilJus  species  tested  as  references  had  greater  than 
30  bands  which  was  too  many  for  meaningful  analysis.  The 
SasHl  showed  similar  results  for  the  Lactabaaillus  strains, 
but  did  not  digest  the  orange  juice  strains  on  three 
different  actempts-  Control  organisms  did  give  patterns 
suggesting  that  these  strains  were  resistant  to  being 
digested  by  SamHl . other  restriction  enzymes  were  not 
tested  because  the  Biolog  results  indicated  that  these 
organisms  were  Che  same  strain  and  Che  BcoRI  had  shown  good 
discrimination  with  other  samples  prior  to  this  Set- 


One  challenge  to  creating  a rapid  method  for 
identification  of  microorganisms  is  the  creation  of  a 


database  that  has  the  accuracy  to  identify  organisme 
specifically  enough  to  genus  and  species,  but  contains  the 
flexibility  to  identify  envirorunental  isolates  that  are 
similar  to  the  species  in  the  database,  but  may  differ 
slightly  due  to  phenotypic  or  genotypic  differences.  As 
technologies  advance,  it  is  being  discovered  that  there  is 
even  more  bacterial  diversity  than  previously  considered 
(44) . The  results  of  these  tests  from  environmental  and 
industrial  strains  versus  the  ATCC  strains  supports  this 
observation.  The  environmental  isolates  were  much  more 
difficult  to  identify  by  all  three  methods  and  often  did  not 
match  the  databases  provided  by  the  manufacturer  or 
generated  by  this  author  using  ATCC  strains.  For 
identification  of  unhnown  organisms,  identification  was 
facilitated  when  there  was  agreement  among  the  different 
methods.  Because  the  strains  differed  from  the  database, 
this  author  did  not  feel  confident  making  a positive 
identification  unless  there  was  some  correlation  between 
methods.  It  is  suggested  that  a combination  of  methode  be 
used  in  these  circumstances  until  a history  of  the 
contamination  or  normal  flora  of  the  foodatuff  is  developed. 


organism 
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database,  subaeguenc 


identifications  can  ba  performed  with  higher  confidence. 

This  is  demonstrated  in  the  instance  of  the  orange  juice 
isolates.  The  same  isolate  was  cultured  on  numerous 
occaeions.  After  the  organism  was  characterized  using  a 
combination  of  methods,  ribotyping  alone  was  used  to  provide 
the  identification.  Figure  34  shows  the  riboprint  patterns 
from  a number  of  these  strains. 


There  are  a number  of  reasons  to  monitor  fermentations 
chat  include  gaining  knowledge  about  the  dynamics  of  a 
fermentation  where  Che  succeseion  of  microorganisms  is  not 
fully  understood  so  chat  control  may  be  exercised  to 
influence  Che  fermentation  in  a positive  manner.  The  method 
must  be  simple  and  quick  so  that  it  can  be  performed 
routinely  at  the  manufacturing  facility  conducting  the 
fermentation.  Ac  present,  most  methods  Co  identify  bacteria 
require  an  isolation  step  to  obtain  a pure  culture. 

Existing  methods  cannot  identify  unknown  organisms  Chat  may 
coexist  in  a population.  The  three  methods  used  in  this 
research  have  the  potential  to  be  used  to  monitor  mixed 
fermentations.  In  the  case  of  Biolog,  a mixed  culture  taken 
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from  3 plate  or  pellet  can  be  euspendecl  in  the  Biolo^  broth 
and  inoculated  into  a microwell  plate.  The  reaulting 
pattern  would  be  specific  for  that  mixture  of  organisms. 

The  only  problem  is  Chat  in  similar  groups  of  organisms, 
reactions  are  similar.  There  may  be  only  the  difference  of 
a few  wells  so  Chat  one  organism  may  be  able  to  •overshadow" 
Che  reaction  of  another.  The  other  potential  is  Chat  when 
organisms  are  very  different,  a great  number  of  the  wells 
will  change  color  which  limits  the  capabilities  of 
distinction.  Mao,  since  use  of  the  substrate  is  the  key  to 
Che  teat,  the  age  of  the  organism  is  a factor.  In  a mixed 
culture,  the  ages  may  differ  within  Che  population  as  well 
ae  Che  growth  rates  of  different  species.  Organisms  present 
in  a fermentation  nearing  completion  may  react  differently 
Chan  organisms  in  a fresh  fermentation.  Also,  faster 
growing  organisms  will  outgrow  others  that  may  still  lend 
important  characteristics  to  the  fermentation.  For  these 
reasons,  the  Biolog  was  not  chosen  as  the  method  to  directly 
monitor  Che  fermentations  used  in  this  research. 

The  fatty  acid  method  of  analysis  also  provides  Che 
potential  for  direct  monitoring.  Cultures  in  a broth  can  be 
centrifuged  and  the  pellet  used  for  fatty  acid  extraction 


(16)  . In  fact,  the  entire  raw  material  with  culture  can  be 
uaed  for  a fatty  acid  extraction.  If  the  principle 
components  are  eelected,  this  method  can  be  used  to  develop 
a profile  of  the  fermentation.  Unfortunately,  the 
performance  of  the  fatty  acid  analysis  was  not  optimal  in 
Che  pretests  using  the  ATCC  cultures.  The  method  was 
relatively  accurate  in  identifying  to  the  genus  level,  but 
was  erratic  in  mahing  a consistent  identification  to  the 
species  level.  Also,  the  extraction  method  is  time 
consuming,  caking  up  to  5 hours  with  an  additional  few  hours 
Co  run  Che  gas  chromatograph.  For  the  analysis  of  one  or 
two  samples,  the  method  is  laborious.  Finally,  direct 
extractions  from  food  samples  require  a traditional 
extraction  procedure  which  is  impractical  at  many 
manufacturing  facilities.  For  Che  reasons  discussed  above, 
the  ribocyping  method  was  selected  Co  monitor  the  two 
fermentations . 

The  first  steps  in  preparing  to  monitor  the 
fermentations  were  to  test  the  Riboprinter  to  determine 
whether  mixed  cultures  could  be  distinguished  as  distinct 
patterns  and  to  determine  optimal  cell  density  levels  for 


performing  the  ribotyping  procetiure  from  a liquid  medium 
versus  harvesting  colonies  from  solid  plates. 

The  initial  experiments  used  mixed  cultures  from  solid 
placing  media.  The  riboprint  patterns  were  distinct  and 
clear,  when  two  different  genera  were  mixed,  the  patterns 
did  not  overlap.  Figures  35  shows  the  pattern  for  a mixed 
culture  of  taotobaclllus  plancarum  and  Leuconostoc 
paramesenceroidee.  However,  mixed  cultures  of  I.aetobacillus 
species  resulted  in  many  bands.  Although  they  still  created 
a distinct  pattern  chat  could  be  recognized  as  unique,  it 
was  not  as  clear  as  the  mixed  genus  information.  Figure  3S 
shows  the  results  of  Lactobacillus  casei  and  Lactobacillus 

The  next  challenge  was  to  determine  when  to  harvest 
*tom  a broth  culture  and  the  correct  doae  for  the  gel. 
Initial  experiments  were  unsuccessful.  No  patterns  were 
generated  or  the  ONA  was  damaged.  Figure  37  shows  the  gel 
results  for  one  experiment.  Lanes  1,  2,  and  5 are  all  from 
solid  media.  Lanes  3,  4,  and  6 were  from  broth  cultures. 
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Figure  37-  Initial  broth  ribotypee  (lanes  3,  4,  6) 


eausage  industry  enhances 


Che  safety  of  Che  product  (9,84,95).  Sausages  inoculated 
with  starter  culturee  tend  to  have  lower  pH  values  than  non- 
starter, or  naturally  fermented,  sausages  (51)  . The 
production  of  lactic  acid  reduces  the  growth  of  gram- 
negative bacteria  and  the  level  of  starter  culture  used 
increases  the  inhibitory  effect  (84). 

Although  Che  competitive  microflora  in  ground  beef  is 
very  high,  Che  starter  cultures  selected  are  good 
competitors  for  a number  of  reasons.  The  cultures  are  guic)t 
growing  and  produce  a variety  of  substances  to  reduce  the 
competition.  The  glucose  added  is  used  as  a substrate  by 
Che  scarcer  cultures  and  the  nitrates  are  color  stabilisers, 
i,actabacillus  plancarum  strains  used  in  the  meat  industry  as 
starter  cultures  reduce  nitrate  to  nitrite  via  the  ensyme 
nitrate  reductase  (95). 

The  fresh  beef,  inoculated  with  starter  culture, 
reeulted  in  a pure  culture  of  that  starter  within  1«  hours 
of  Che  initiation  of  Che  fermentation.  Figure  38  shows  a 
Gram  stain  of  Che  uninoculated  beef  and  Figure  39  shows  the 
beef  after  20  hours  of  fermentation  with  starter  Pedlococcus 


Figure  38.  Normal  flora  of  ground  beef  > 
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Figure  39.  Microbial  flora  of  sausage  after  JO  hours  of 
fermentation  - Gram  stain  (xlOOO) 


perttoBAceua . ic  is  apparent  that  the  starter  cultures  have 
outgrown  the  normal  flora  present  in  the  beef  initially. 

The  pH  dropped  to  4.Q  in  that  time  period  as  well, 
indicating  the  growth  of  the  lactic  acid  bacteria  and  the 
production  of  acid.  Ocher  reaearchers  report  the  same  time 
for  the  pH  change  {17) . 

These  results  can  be  seen  from  Che  ribotyping  results 
as  well.  Figure  40  shows  ribotype  patterns  of  Che  raw  beef, 
starter  culture  and  the  sausage  at  16  and  20  hours.  The 
change  in  Che  flora  can  be  seen  as  the  starter  culture 
begins  to  dominate  the  culture. 


Sauerkraut  is  produced  from  the  normal  flora  of  the 
cabbage.  The  salt  and  the  anaerobic  incubation  conditions 
inhibit  gram  negative  organisms  which  allows  the  growth  of 
Che  lactic  acid  bacteria.  LeuconosCoc  nesenceroides  and 
iaccobacilJus  plantarum  are  the  most  common  organisms  found 
in  sauer)traut  cultures  (51)  . The  sauerkraut  was  more 
difficult  Co  monitor  in  process  Chan  Che  sausage,  when 
samples  of  cabbage  were  taken  during  the  course  of  the 


fermentation,  Che  oxygen  Introduced  during  aampllng 


provided  the  opportunity  for  other  organisms  to  grow  and 
changed  the  flora  of  the  fermentation  so  chat  instead  of 
sauerkraut,  the  end  product  was  rotten  cabbage.  Finally, 
four  separate  fermentations  were  initiated  from  each  batch 
of  cabbage  and  after  sampling,  the  portion  was  discarded. 

The  normal  flora  of  Che  cabbage  was  much  lower  chan  chat  of 
Che  ground  beef. 

Figure  <11  shows  Che  cabbage  flora  prior  to 
fermentation.  The  pellets  resulting  from  the  stomaching  and 
centrifuging  step  were  small  and  all  the  cells  were  used  for 
rihoprinting.  Figure  42  shows  Che  cabbage  after  3 days  of 
fermentation.  Although  the  culture  was  mixed,  there  was 
more  bacterial  activity  overall.  This  is  evident  in  the 
pictures . 

Samples  of  Che  sauerkraut  were  taken  weekly  and  a 
change  in  the  flora  could  eaaily  be  seen  in  the  ribotypes. 
The  final  pattern  closely  resembled  Chat  of  the  ATCC  strain 
L.  raesenceroides,  although  when  cultured  on  solid  plating 
media  no  growth  was  able  to  be  obtained. 

Figure  43  shows  Che  ribotyping  results  of  the 
sauerkraut  at  0 time  and  week  1 through  week  4.  rhia 
experiment  waa  considered  a success  because  the  cultures  did 
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Figure  42.  Cabbage  after  3 days  fermentation  - Gram 
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not  grow  when  cultured  on  placing  media.  Information  was 
obtained  about  the  cultures  and  Che  time  of  succession  in 
the  fermentation. 

For  both  types  of  fermentations,  Che  organisms  used  for 
Che  ribotyping  were  obtained  by  rinsing  and  centrifuging  raw 
material  and  using  this  directly  for  riboprinting.  The 
enzyme  used  was  Bcc*l  and  the  probe  was  directed  at  Che 
portion  of  S.  coli  DNA  encoding  for  the  B,  16  and  235 
portions  of  Che  ribosomal  RNA.  The  results  were  obtained 
for  analysis  within  10  hours  of  sait^iling.  Clear  differences 
in  Che  flora  over  time  was  easily  observed.  These  patterns 
can  be  stored  in  a database  and  future  fermentation  patterns 
could  be  compared  Co  ensure  consistent  end  products. 


SUMMARY 


CONCLUSIONS 


Strain  typing  ie  aa  important  to  the  food  industry  (or 
diagnostic  reasons  as  in  the  medical  industry,  only  it  ia 
not  widely  applied  due  to  the  expense  involved  and  the  lack 
of  convenient,  reliable  methods.  Inoculation  studies  such 
as  heat-killing  determinations  use  strain  typing  to  make 
strain  specific  comparisons  of  organisms  recovered  after  a 
heat  or  chemical  challenge  to  ensure  that  the  process  was 
adequate.  For  example,  to  study  the  efficacy  of  a heat 
process  designed  to  kill  L-  piancarum,  actual  strains  of  L. 
pJancarum  may  be  inoculated  into  the  product  and  then 
processed.  The  final  product  would  be  incubated  and  plated 
after  the  heat  challenge.  If  organisma  are  recovered,  they 
can  be  typed  to  the  strain  level  to  decemiine  if  they  were 
the  same  organism  that  was  inoculated  or  an  environmental 
contaminant.  Also  strain  typing  can  be  used  to  trace 
contaminating  raw  materials  or  equipment.  The  Campden  Food 


and  Drink  Research  Aesoeiaclon  has  been  using  Riboprinc 
patterns 


to  pinpoint  the  sources  and  track  Che  spread  of 
contamination  within  factories,  identify  problem 
suppliers,  and  monitor  changes  in  the  microbial 
composition  of  foods  over  time.  This  has  contributed 
ho  a reduction  in  product  development  times, 
identification  and  control  of  quality  loss  and  spoilage 
populations  and  charaoteriracion  of  beneficial 
fermentative  starter  cultures"  (67!l5), 


It  is  Che  desire  of  this  author  that  this  and  other  research 
will  facilitate  the  introduction  of  more  sophieticated 
methods  of  strain  typing  to  food  research  institutions  and 
manufacturing  facilities  so  chat  they  become  accessible 


Cools  to  be  used  more  routinely 
microbiology  still  dominates. 


field  where  traditional 


The  Biolog  is  useful  in  screening  microorganisms 
because  a large  number  of  biochemical  testa  can  be  performed 
simultaneously.  There  are  some  areas  of  concern,  slow 
growing  organisms  are  still  difficult  to  analyse.  The 
biomass  formed  by  slow  growers  is  too  low  to  degrade 
sufficient  substrate  amounts  and  the  test  results  may  be 
unclear.  Also,  some  characteristics  of  organisms  are 


unstable,  varying  with  the  preculture  media  or  genetic 
variants  (i.e.  plasmids). 

The  analysis  of  cellular  fatty  acids  also  requires  a 
large  cell  quantity  of  pure  culture  for  the  analysis  of 
lactic  acid  bacteria.  Growth  conditions  such  as  age  of 
culture,  growth  media,  growth  temperature,  and  atmospheric 
conditions,  are  critical.  Slow  growing  organisms  are  also 
difficult  to  analyse  due  to  the  quantity  of  cells  required 
and  the  tightly  controlled  incubation  times.  However,  the 
shelf  life  of  the  reagents  is  not  a problem  and  after 
®^hfectlon,  Che  system  can  run  unsupervised  (104) . After 
Che  initial  investment  of  equipment,  Che  cost  of  the 
disposables  is  relatively  Inexpensive,  but  there  is 
intensive  lajmor  required  (92), 


The  ribotyping  technique  does  not  require  the  large 
amount  of  cellular  material  that  is  needed  for  the  other 
teats  and  the  automated  system  overcomes  the  need  for  highly 
technical  personnel  to  perform  the  analysis.  The  cost  of 
Che  test  is  high  both  in  the  initial  equipment  investment 
and  disposables,  but  labor  is  minimal  and  the  type  of 
information  gained  is  powerful.  The  patterns  generated  for 
Che  genera  leuconoecoc  and  Pediococcus  were  not  as  diverse 


generated  for  the 


the  envirociDental  iaolates  were  grouped  into  the  same 
Riboprint  pattern.  The  use  of  different  reatrlction  enzymes 
may  be  necessary  to  increase  the  specificity  of  the  test. 
Over  or  underdosing  of  the  gel  will  affeot  the  number  of 
bands  and  older  cultures  may  experience  some  endonuclease 
activity,  resulting  in  differing  band  patterns.  Incomplete 
lysis  was  a common  problem  with  the  lactic  acid  bacteria 
although  recent  developments  by  the  manufacturer  have 
addressed  this  issue.  The  specific  bands  are  not  weighted 
in  the  computer  which  makes  identification  of  unknowns  more 
difficult  - 


Since  environmental  isolates  often  vary  both 
phenotypically  and  genotypically  from  the  library  of  strains 
located  in  the  culture  collection,  it  is  difficult  to  make 
an  accurate  determination  of  a species'  taxonomy  uaing  only 
one  method.  The  lactic  acid  bacteria,  in  particular,  are 
largely  uncharaccerizedr  therefore,  current  methods  must  be 
adapted  or  combined  to  make  taxonomic  judgments,  other 
researchers  recommend  combinations  of  methods  to  identify 


ocher  bacterial  genera  (5) . For  the  initial 
characceriaation  of  a culture,  thia  author  recommends  a 
combination  of  the  three  methods  to  gain  the  best 
information  and  confidence  in  the  resulta.  In  a study 
comparing  the  Biolog  to  the  MIDI  system  for  fatty  acid 
analysis,  the  Biolog  correctly  identified  69/81  non- 
fermenting  Gram  negative  organisms  to  the  genua  level  and 
Che  MIDI  system  correctly  identified  70/81  to  Che  genus 
level.  Speciation  was  less  successful  and  tended  to  be 
difficult  for  species  chat  are  difficult  using  conventional 
means-  These  authors  also  concluded  that  neither  system 
should  be  used  as  a stand  alone  method  for  identification 


Some  authors  believe  chat  -the  goal  of  DNA  probe 
technology  is  to  eliminate  routine  cultures,  whether  they  be 
bacterial,  viral  or  fungal*  and  chat  genetic  sequencing 
techniques  will  become  a standard  tool  for  characterizing 
unknown  bacteria  (57,ii7).  Molecular  analysis  is  by  far  Che 
most  popular  new  approach  to  classification  and  it  has 
tended  to  overshadow  the  more  classical  means  of  taxonomy; 
however,  this  author  believes  that  a combination  of  methods 
may  be  the  most  representative  means  of  classifying 


microorgajlistns.  Direct  genomic  aimllerltiee  do  not  always 
translate  Into  phenotyplcally  related  organiena.  This  area 
of  study  Is  one  that  brings  great  challenge;  explanation  of 
Che  relationship  between  molecular  and  phenotypic  variances. 


The  integration  of  the  data  obtained  by  one  or  more  of 
Che  many  emerging  methods  of  analysie  creates  a new 
challenge  tor  Che  microbiologist  of  today.  Traditional 
classification  methods  may  be  a foundation  on  which  to 


compare  the  newer,  more  technologically  advanced  systems. 
Furthermore,  genetic  comparisons  are  extremely  useful  in 
epidemiological  studies  (18,501. 

Once  an  organism  hae  been  determined  to  be  of 
importance,  a polymerase  chain  reaction  method  (PCR)  can  be 
developed  to  quickly  determine  if  it  is  present.  This  has 
been  tested  with  success  in  some  vegetable  fermentationa  for 
species  in  the  genera  taccobaeiJlus,  Leuconoeeoc, 
LacCococcuB.  and  Pediocoecus  (15).  Already,  methods  exist 
that  challenge  rijjocyping.  Many  auchora  have  demonstrated  a 
greater  ability  to  distinguish  between  strains  using  pulsed- 
field  gel  electrophoresis  when 


cotiqiared  to  ribotyping 


tradiclonal  plasmid  profiling  194) . Another  emerging 
methodology  showing  great  promise  is  Random  Amplified 
Polymorphic  DNA  (RAPD)  . RAFD  incorporates  PCK  technology, 
but  uses  short  primers  to  amplify  random  fragments  that  can 
be  analyzed  via  gel  electrophoresis.  This  tool  allows  the 
detection  of  polymorphisms  within  closely  related  bacteria 
(14.116).  It  may  be  a further  discriminatory  tool  to  be 
applied  after  ribosomal  patterns  reveal  genetic  relatedness. 
This  has  also  been  used  as  a strain  specific  method  to 
identify  members  of  the  lactic  acid  bacterial  group, 
specifically  Lactococcue  lactie  ss  cremoris  and  lactis  (36). 


The  use  of  automated  systems  coupled  with  Che 
analytical  capacity  of  computer  systems  has  impacted  the 
world  of  microbiology  to  an  enormous  capacity.  For  example, 
individual  comparisons  of  each  of  the  Biolog  96  wells  would 
be  extremely  time  consuming.  The  software  available  for 
taxonomic  comparison  of  bacterial  isolates  allows  for 
numerical  taxonomy  and  identifications  based  on 
probabilities.  In  addition,  Che  introduction  of  new 
molecular  methods  has  caused  many  of  Che  traditional 


classificaciona  Co  come  into  queation.  The  lactic  acid 
bacterial  group  la  particularly  Inclined  to  be  gueationed 
becauae  of  ita  rather  vague  hiatorical  claaaiflcations  to 
begin  with.  The  ability  to  atore  thla  data  for  further 
coraparieona  haa  led  to  the  development  of  huge  strain 
databaaea.  This  is  critical  as  microbiology  is  still  a 
study  dealing  with  live  organisms  that  have  the  ability  to 
change  from  day  to  day.  These  biomolecular  databases  are 
proliferating  and  this  is  changing  the  face  of  research 
(72) . Bioinformaticiana  are  struggling  to  make  sense  of  the 
growing  inventory  of  genetically  encoded  information  (22), 
The  way  in  which  researchers  use  information  is  changing  and 


the  challenge  of  integrating  the  information  is  one  that  is 
becoming  a field  of  study  in  itself  (72).  This  data  ia 
growing,  in  part,  due  to  the  availability  of  data  and  the 
people  to  share  this  data. 

extremely  valuable  tool  because  it 
ability  to  disseminate  information  quickly  and 
attractiveness  of  systems  that  are  computerised 
is  that  the  data  generated  can  be  directly  distributed 
through  the  Internet.  Articles  are  being  published  chat 

its  databases  such  as  SenBank  and 


provides 


the  Ribosomal  Database  Project  08).  In  the  case  of  the 
Cupont  ribotyplng  syetem,  actual  DMA  *£iiigBrprints'  can  be 
directly  eonpared  electronically. 


Ae  Etethods  o£  bacterial  identification  improve,  the 
diversity  of  microorganisms  Is  more  apparent  and  it  is 
apparent  that  actual  bacterial  populations  within  an 
ecosystem  greatly  exceeds  that  which  is  culturable  by 
today's  methods.  The  causes  may  be  that  the  bacteria  are 
not  culturable  due  to  environmental  stresses  or  tliat 
conventional  methods  are  not  applicable  for  these  strains 
O).  For  whatever  the  reason,  the  application  of  molecular 
methods  are  essential. 

The  field  of  microbiology  continues  to  incorporate 
ecology  or  the  study  of  mixed  cultures,  pure  culture 
analysis  and  characterization,  metabolic  studies,  analysis 
of  cell  extracts  for  enzymatic  purposes,  and,  finally, 
molecular  biology.  These  areas  are  all  linked  together  and 
the  greatest  information  is  obtained  when  the  microbiologist 
has  exposure  to  the  tools  that  will  let  he  or  she  best 
characterize  and  study  t 
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